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PREFACE 

This volume has been prepared with a view of aiding the 
instructors and students of the laboratory' classes which are 
under my direction. 

It is also presented with the hope that it may be useful to 
other instructors. 

Again, students often wish to continue microscopical work 
during the interim of college attendance ; to such, it is my 
belief, these pages will have some value. 

Still again, very many practitioners, not having had, during 
pupilage, advantages equal to those provided by the modem 
laboratory equipment, wish to acquire more knowledge of 
microscopy, for its value in practical medicine. To such 
workers, also, I desire to be useful. 

So much technique has been introduced as has been found 
to be of absolute necessity, and no more. The processes for 
the preparation and exhibition of tissues are generally simple 
and always practicable. 

In the description of organs, I assume that the student has 
a fair knowledge of gross anatomy, but knows nothing of his- 
tology. The scheme or plan of the structure is first described 
— using diagrams where requisite to clearness — after which the 
mode of preparing the sections is indicated, and, under prac- 
tical demonstration, every histological detail tabulated in proper 
order. The drawings will, I believe, aid in the recognition of 
such elements in the field of the microscope. 

The illustrations are exact reproductions, by photography, 
of my own pen - pictures ; and distinction must always be made 
between the drawings which are schematic — used to emphasize 

(iii) 
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the plan of structures — and those drawn from the tissue as 
seen in the microscope. 

Our literature abounds in excellent works for the advanced 
student, and this volume is designed to pave the way for theii* 
appreciation. 

I desire to record my high appreciation of the aid of Di*s. 
Charles T. Jewett, Egbert Le Fevre, E. Eliot Harris, Milton 
Turnure, H. Pereira Mendes, J. Gorman, A. M. Lesser, J. Alex- 
ander Moore, Robert Roberts, Esq., Warden, and Mr. John 
Burns, Clerk of Charity Hospital, in facilitating my access to 
valuable tissue for the illustrations and for my own studies. 

My thanks are due my First Assistant, Dr. F. T. Reyling, 
for his indefatigable efforts in furthering the work ; and to 
Mr. A. J. Drummond, for photographical favors. 

MAURICE N. MILLER. 

New York, June 1st, 1887. 



PREFACE TO THIRD REVISED EDITION 

A revision of Miller^s Microscopy became necessary, partly on 
account of the advances made in histology during the last ten 
years, and partly because of the increasing tendency in medical 
schools to devote more time to laboratory studies. Substantially 
all of the original matter has been retained, although somewhat 
rearranged; and where new matter has been inserted, the 
attempt has been made to give it the form which was the 
peculiarity of the original, namely, in being written from the 
point of view of the student, and not of the teacher. In pre- 
paring the various additions, the standard text-books, on his- 
tology have been constantly consulted. 

Buffalo, N. Y., Auj^ust, 1898. 
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THK LJSOBJTURT illCBOSCOPe 

The histologist should be provided with a microscope, in which 
the principal features of the laboratory instrmnent, Fig. 1, are 
embraced. 

The bodj- A. which carries the optical parts, is made of two 
pieces of brass tubing, one sliding within the other and providing 
for alterations in length. The objectives, B, C, D, are attached to 
the body by means of the triple nose-piece, E. The nose-piece 
is so pivoted that either objective may be turned into the optical 
Bsis at will. The eye-piece, P, slips into the upper part of the 
body with but little friction, so that it may be quickly and 
easily removed. 

The eoarse or quick adjustment for focusing consists of a rack, 
Q, which is attached to the body, and into this gears a small 
(concealed) pinion turned by the milled heads, H. 

The more delicate adjustments are accomplished by means of a 
micrometer screw acting by a simple mechanical device upon an 
enclosed spring in connection with a prism slide. By turning the 
milled head, L, the body of the instrument is raised or lowered, as 
desired, and with extreme delicacy. 

The stage, M. upon which objects are placed for examination, 
is perforated, and an iris diaphragm and Abb^ condenser, E, may 
be inserted. The iris diaphraem enables one to alter the size of 
the opening at will. Below the stage an arm may be seen which 
carries a sliding fork supporting the mirror, N, oue side of which 
is plane and the other concave. 
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The Mickuscofe. 



The whole is supported ou a short, atout pillar rising from the 
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LENSES OP THE MICROSCOPE 

Fig. 2 shows the arrangement of lenses, including a high- 
power objective. 

The objective. A, is provided with one simple and two componnd 
lenses. The lens, B, nearest the object, and the one upon which 
the magnifying power mainly depends, is a hemisphere of crown 
glass. A lens of such form possesses both chromatic and spherical 
aberration in high degree. These faults are corrected by the com- 
pound flint and crown lenses, C and D, placed above the hemi* 
spherical glass. 

The eye-piece consists of two crown glass, plano-convex lenses, 
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with their plaue surfaces upward. The lower, E, is known as the 
field-lens; the upper, P, as the eye-lens. Eye-pieces add very 
materially to the maKDifying power of the instromeat, and are 




oonstracted of various strengths depending upon the curvature of 
the leases. They are uamed according to power, A, B, C, or 1, 2, 
and 3, or according to their focal distances. The medium power 
is more commonly employed. 

The microscope previously described stands, with the draw-tube 
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in place, about twelve inches high. If the height of the table 
upon which it is placed and the chair of the observer be in a 
proper relation, no discomfort need be experienced in using the 
microscope in the vertical position. The form of condenser 
invented by Abb6 may be placed directly below the stage (Pig. 1, K) . 
It consists of two or three lenses combined so as to focus the rays 
coming from the plane mirror upon the object. The condenser 
gives a very intense illumination over a small field, and is adapted 
to bacteriological work, where a high-power oil-immersion objective 
is required. An oil -immersion objective is a specially constructed 
system of lenses, with which a layer of thickened oil of cedar wood 
is placed between the lower surface of the objective and the upper 
surface of the glass covering the object under examination. The 
oil -immersion lens in general use has an equivalent focal length 
of one-twelfth of an inch, and is usually designated as the iV-inch 
oil -immersion. For similar reasons, the low -power is a I- or 
}-inch, and the ordinary high-power is a i-, i-, or i-inch objective, 
as the case may be. The condenser is not necessary, except with 
the high -power oil -immersion objective. If used with the other 
objectives, the illumination must be regulated by lowering the 
condenser, closing the diaphragm, and substituting the concave for 
the plane mirror, till a clear and satisfactory picture is secured. 

ADJUSTMENT OP THE MICROSCOPE 

The microscope should be placed in front of the observer, on a 
table of such height that, when seated, he may, by slightly inclin- 
ing the head, and without bending the body, bring the eye easily 
over the eye -piece. The slightest straining of the body or neck 
should be avoided. The light should always be taken from the 
side, and it matters little which side. Clouds or clear sky serve as 
the best source of light for our present work. Always avoid direct 
sunlight. If artificial illumination be employed — though it is not 
advised for prolonged investigation — a small coal -oil flame may be 
tempered by blue glass, or better a Welsbach gas-burner with a 
blue glass globe, or an incandescent electric light. 

ADJUSTMENT FOR ILLUMINATION 

It will be observed that there are two mirrors in the circular 
frame below the stage — one plane and the other concave. The 
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latter will be etuployed almost exelusively iu the work of this 
volume, and its curvature is such that parallel rays, impiagiDg 
upou its surface, are fotused about two inuhea from the mirror. 
It will also be noticed that the bar, carrying the mirror-fork, may 
be made to swing the mirror from side to side. The work which 
we are about to undertake is of such a character as to require the 
avoidance of oblique illumination. We must, therefore, keep our 
mirror-bar strictly in the vertical position. If — the mirror-bar 
beiug vertical — a line be drawn from the eeuter of the face of tlje 
mirror, through the opening (diaphragm) in the stage, passing on 
through the objective, and so continued upward through the body 
and the eye-piece, such a line would pass through the optical arts. 
The eenter of the face of the mirror must be in this axis. If, 
then, having gotten the mirror-bar properly fixed once for all. the 
light from the adjacent right or left hand window impinges upon 
the concave surface of the mirror, and the latter be properly 
inclined, the rays will pass through the diaphragm in the stage, 
and become focused a little above the same. The light rays will 
afterwanl diverge, enter the objective, and finally reach the eye of 
the obser^'er. 

The field of view (as the area seen iu the microscope is termed) 
we will suppose to have been properly illuminated — and by this we 
mean that it presents us a clear, evenly lighted area. Turn all the 
factors spoken of out of adjustment, aud proceed to readjust. 
Observe that, if the mirror be turned— not swung — slightly out of 
proper position, one side of the field will appear dim or cloudy. 
This must be corrected, and the student must practice until this 
adjustment becomes easy of accomplishment. Then proceed to the 

ADJUSTMENT FOH FOCI'S 

Swing the low-power objective into use, and rack the tube up 
or down until it is alxiut one-foarth of an inch from the stage. 
Place a mouuted object upon the stage (a stained section of 
some organ — say kidney — will be preferable). Examine the field 
through the eye-piwe, and it will be found obscured by the stained 
object, and jierhaps a dim notion of figure may be made out. 
Rack the body up carefully, watching the effect. The image 
becomes more and more distinct until, at a certain point, the best 
effect is secured. The object is in foctis. 

Note carefully the distance between the object and the objective 
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(with the low -power this will be less than one -half of an inch), 
and hereafter you will be able to focus more quickly. 

Having observed the details of structure as shown with the low- 
power, swing the high -power into use. Rack the tube down until 
the objective is very near to the glass covering the object. The 
field is much obscured. Watching the effect through the eye- 
piece, rack the tube up with great care until the image appears 
sharp. Note the distance with this objective, as before with the 
low-power, from one-twelfth of an inch to .considerably less. 
Then endeavor, by slight alterations in the inclination of the 
mirror, to increase the Ulumination. Turn the diaphragm so that 
the light passes through a small opening, and note the improve- 
ment in definition. The rule is: The higher the power, the smaller 
the diaphragm. 

You have doubtless observed, before this, that you cannot con- 
trol the focusing as easily as when the low-power was in use. 
Slight movements of the rack -work produce marked changes in 
definition; and it is difficult, with the coarse adjustment alone, to 
make as slight movements as you may desire. Recourse must be 
had to the fine adjustment. 

Place the tip of the forefinger (either) upon the milled head of 
the fine focusing- screw, and the ball of the thumb against its 
side, so that the hand is in an easy position. By a little lateral 
pressure the milled head may be turned slightly either way. Note 
the effect on the image. You thus have the focusing under the 
most perfect control. 

Remember that the fine adjustment is only necessary with high- 
powers, and then only after the image has been found with the 
coarse adjustment. 

METHOD IN OBSERVATION 

The study of objects under the microscope should be conducted 
with order and method. 

The body being in the position before advised, so that the 
sitting may be prolonged without fatigue, let one hand be occupied 
in the maintenance of the focal adjustment. It will be found, 
however flat an object may seem to the unaided eye, that as it is 
moved so as to present different areas for examination (and with 
the higher- powers only a small area can be seen at once), constant 
manipulation with the fine adjustment will be required. It will 
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Also be found that eveu the vai-iotis parts of a simple histologkal 
element — like a cell — cannot Ite seeu sharply with a eiugle focal 
adjustment. The forefinger and thuinb of one hand must be kept 
eoustantly on the milled head of the fine focusing -screw, Sup- 
posing the light to be on our right, we devote the right hand to 
the focusing. 

The left hand will be eugagcd with the gXass slip upon which 
the object has been mounted. Thi? forearm resting upon the table, 
let the thumb and forefinger rest on the left upper aide of the 
stage, just touching the edges of the glass slip. The slightest 
presBure will then enable you to move the slii) smoothly, steadily, 
and delicately. 

Proceed to examine the object with method. Suppose a section 
of some tissue to be under examination — say one-fourth of au inch 
square. With the high-power yon will be able to see only a small 
fraction of the area at once. Commence at one corner to observe, 
and, with the left hand, move the object slowly in successive 
parallel lines, preserving the focus witli the right hand, until the 
whole area of the section has been traversed. 

Practice will soon establish perfect co-ordination of the move- 
ments involved, and will result in the ability to work with ease, 
celerity, and profit. 

CONSERVATION OF THE EYESIGHT 

The beginner should not become accustomed to the use of one 
eye alone, or of closing either in microscopical work. It will 
require but little practice to use the eyes alternately, and the 
retinal image of the unemployed eye will soon be ignowd and 
unnoticed. 

MAGNIFyiXU POWER AND MEASL^REMENT OP OBJECTS 



The microscope is not, as the beginner usually supposes, to be 
valued according to its power of enlargement or magnification, 
but rather aceording to the clearness and sharpness of the 
image afforded. 

Magnifying power is generally expressed in diameters. A 
certain area is by the instrument made to appear, say, ten times 
18 large as it appears to the naked eye. This object, then, ha^ it« 
apparent area increased one hundred times; but reference is made 
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in describing snch phenomena only to amplification in a single 
direction. The diameter of the object nnder examination has been 
increased ten times and wonld be expressed by prefixing the sign 
of multiplication: e,g., X 10. 

A convenient unit of approximate measurement for the histolo- 
gist is the apparent size of a human red blood -corpuscle with a 
given objective. Thirty-two hundred corpuscles, placed side by 
side, would measure one inch; or, we say, the diameter of a single 
corpuscle is the thirty -two -hundredth of an inch. After consider- 
able practice, you will become accustomed to the apparent size of 
this object with a certain objective and eye -piece. This will aid in 
an approximate measurement of objects by comparison, and will 
further give the magnifjdng power of the microscope. If a cor- 
puscle appears magnified to one inch in diameter, it is evident that 
the instrument magnifies thirty- two hundred times. Should the 
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diameter appear one -quarter of an inch, the power is eight hun- 
dred ; one-eighth of an inch, four hundred, etc. The instrument 
which we have heretofore described, with the high-power in use and 
the tube withdrawn, will present the corpuscle as averaging very 
nearly one -eighth of an inch in diameter — X 400. While this 
gives a gross idea of amplification., the method will often prove 
to be inaccurate because of individual errors in the estimation of 
proportions. 

Measurements made with the microscope are usually based on 
the metric system. The unit taken is one -thousandth part of a 
millimeter, or a micro -millimeter, called also a micron, for which 
the Greek letter /^ has been taken as the symbol. Roughly, 1 ft 
equals 25060 inch. A convenient instrument for measuring is an 
eye -piece micrometer, a ruled disk of glass, which may be placed 
within the eye -piece, and the diameters of objects read off by 
means of the ruled scale. 
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SKETCHING FROM THE MICROSCOPE 

Let UB most emphatically urge the practice of sketching in 
connection with microscopy. "I am no artist," or "I have no skill 
iu drawing," is often' the reply to our advice in this matter. We 
then suggest that no special skill is needed to begin with, only 
patienee and a dogged determination \a succeed. The pictures in 
the miei-oscopic field have no perspective, and may be reproduced 
in outline merely. Begin with simple tissues, reserving intricate 
detail until a short period of practice gives the technique needed. 
We do not recommend the camera lucida, as our experience strongly 
impresses us with this as a fact, that he who cannot sketch 
without a camera will never sket^'h with one. Peucil drawings 
may be very effectively colored with our staining fluids, diluted 
if necessar)'. 



PBSPABATWy OF TISSUES FOR MimoSCOFlCAl. PCRPOSES 
TISSUES ARE STL'DIEIt BY TKASSMITTED LItJHT 

The microscopical study of Ijoth nonnal and pathological tie- 
lea ia invariably conducted by the aid of transmitted light. 

Tissues, if not naturally of suflii-ient delicacy to transmit light, 
must in some way bo made translucent. 

Delicate tissues like omenta, desquamating epithelia, fluids 
containing morphological elements, certain fibers, etc., are siifll- 
ciently diaphanous, and require no preparation. Such objects are 
simply placed upon the glass slip, a drop of some liquid added, 
and, when protected by a thin covering glass, are ready for the 
slage of the microscope. 

PREPARATION BY TEASISG 

The elements of structures mainly fibrous — e.g., moscle, nerve, 
tigament, etc. — are well studied after a process of separation, by 
^ans of needles, known as teasing. A minute fragment of the 
organ or part, having been isolated by the knife or scissors, is 
plueed upon a glass slip, and a drop of some finid which will not 
alter the tissue added. Ktout sewing-needles, stuck in slender 
wood handles, are commonly employed in the teasing process. 
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The separation of tissues is frequently facilitated by means of 
(huMH'Aat'mg fluids, which remove the cement substance. 

SECTION CUTTING 

• 

After having become familiar with the various elementary 
stnictures of animal tissues, we proceed to the study of their 
relation to organs. 

As the teasing process is not available with such complicated 
structures as lung, liver, kidney, brain, etc., we resort to methods 
of slicing — I.e., Hection cutting. 

Sections must be made of extreme tenuity, in order that the 
naturally opaque structures may be illuminated hy transmitted 
lujht. This becomes an easy matter with such tissues as cartilage; 
but some, like bcme, are much too hard to admit of cutting, and 
others are as much too soft ; so that while certain tissues must be 
wiftened, the majority must be hardened. Fortunately, both of 
these conditions may be secured without in any way altering the 
apixmrance or relations of the structures. Hardening processes, 
from necessity, become a prominent feature in histological work ; 
but we propose here to indicate some of the more useful methods 
of section cutting, reserving the hardening processes for another 
place. 

FREE-HAND SECTION CUTTING 

The students, when ready for this work, are provided with some 
tissue which has been previously hardened. We will take, for 
example, a piece of liver which has been rendered sufficiently firm 
for our work by immersion in alcohol, and proceed to direct the 
steps in obtaining suitable sections by the simple free-hand 
method. 

We wish to strongly emphasize the importance of this mode of 
cutting. A moderate amount of practice will render the micros- 
copist independent of all appliances, save those of the most simple 
character and which are always obtainable. 

An ordinary razor with keen edge, and a shallow dish, prefer- 
ably a saucer, partly filled with alcohol, are required. The razor 
best adapted to the work is concave on one side (the upper side, as 
seen in Fig. 4) and nearly fiat on the other, although this is 
largely a matter of personal preference. 

Fig. 4 indicates the proper position of the hands in commenc- 
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iag the eut. The beginner innst follow directions eloseiy until he 
at-quires skill with practice. The student should be seated at a 
table of such height as to afford a eouveuient rest for the fore- 
arras. A sniall piece of tissue is held between the thumb and 
fnrefinger of the left hand, so that it projects slightly above both. 
(In the cut, a cube of tissue t^^o small to handle in this way has 
beeu cemented to a cork with paraffin in the manner hereafter 
described, and the cork held as just mentioned.) The hand carry- 
ing the tissue is held over the saucer of alcohol. The razor, hjld 
lighlly in the right hand, as seen in the figure, is, previous to 
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iDg every cut, dipped flatwise into the alcohol so as to wet it 
thoroughly, and is thcu lifttnl horizontally, carr.ving several drops — 
perhaps half a drachm — of the fluid on the concave upper surface. 
The alcohol serves to prevent the section from adhering to the 
knife, and to moisten the tissue. If allowed to become dry, the 
latter would be ruined by alterations of structure. 

Now, as to the manner of moving the knife. Resting the under 
surface upon the forefinger for steadiness, bring the edge of ^he 
blade nearest the heei to the margin of the tissue furthest from 
yoH. Then, entering the edge just below the upper surface of 
the tissue, with a light but steady hold draw the knife toward the 
, right, at the same time advancing the edge toward the body. This 
i the knife through the tissue diagoually, and leaves the 
upper surface of the latter perfectly flat or level. Remove the 
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piece which has been cut, and repeat the operatioa. Do not 
attempt to cut large or very thin sections at first. A minute 
frag^neat, if thin, is valuable. 

As the razor is drawn through the tissue, the section floats in 
the alcohol; depress the point of the knife, and the section will 
slide into the sancer of spirit, and thus prevent its injury. If it 
does not leave the knife readily, brush it along with a camel's- 
hair pencil which has been well wet with the alcohol. 

Proceed in the above manner until the tissue is exhausted, 
when you will have a great number of sections, large and small. 
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thick and thin. Selecting^ the thinnest, lift them carefully with a 
needle, one at a time, into a small, wide-mouthed bottle of alcohol; 
cork and label for' future use. 

When the work is finished, and before the spirit has evaporated 
from j-our fingers — it is impossible to avoid wetting the skin more 
or less — wash them thoroughly and wipe dry. This saves the 
roughening of the hands which is apt to result when alcohol has 
been allowed to dry upon them repeatedly. 



SECTION CUTTIXO WITH THE STIRLING MICROTOME 



Of the numerous mechanical aids to section cutting, we shall 
Tiention only two or three. One of the earlier and better known 
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instruments is seen iii Fig. o. The Stirling niicmtonie coneiBts 
essentially of a short liross tulw, into which Ihu tissue is fixed 
either by preasiire or by imbedding in wax. A serew enters below, 
which, acting on a pUig. raises the contents of the tube. As the 
material to be cut is raised from time to time by the screw, it 
appears above the plate which surruunds the top of the tain;. 
This plate steadies and guides the razor ; and it is evident that 
more uniform sections may be cut with this little apparatus than 
would l>e possible with nothing to support the kuife, or to regulate 
thiekuess, beyond the unaided skill of tlie operator. 

Much depends upon the manner in which the material is fixed 
iu the tube or well of the microtome. If the tissue be of a solid 
character, like liver, kidney, spleen, many tumors, etc., it may be 
enrrounded with some carefully fitted pieces of elder-pith,* carrot, 
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etc, and the whole pressed evenly and qaite firmly into the well. 
A small piece of tissue which, by cutting, can be made somewhat 
cubical in shape, rauy be surrounded by slabs of pith, carrot, or 
turnip, shaped as iu Pig. 6. Indeed, the fragments of imbedding 
material can be shaped so us to fit tissue of almost any form. 
Before the whole is pressed iuto the well of the microtome, the 
bottom, Hgaiust which the brass plug fits, should be cut oS square. 
The wax method of imbedding is employed with tissues such as 
brain, lung, soft tumors, etc., which might be iujui-ed by the 
previous treatment. To tliree part::* of paraffin wax (ii piirafiln 
candle answers perfectly) add one part of vaselin, and heat until 
thorougldy mixed. The microtome having been previously warmed 
— standing upright — is filled with the imbedding mixture. The 
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piece of tissue is then eaif fully wiped dry with the blotting-paper, 
and, just as the imbedding begins to congeal around the edges, is 
pressed below the surface with u iieedie and held until the cool 
mixture fixes it in position. The whole is now allowed to become 
thoroughly cold. By turning the screw the plug of wax is raised; 




and it must be gratlually tut away, by sliding Ihe knife across the 
plate, until the upper part of the tissue appears. 

Before commencing to cut sections — however the tissue may 
have been imbedded — provide yourself with a saucer of alcohol and 
a eamel's-hair pencil. Having wet the knife, turn the screw so 
that the tisane, with its imbedding, appears slightly al>ove the 




plate of the microtome, and then, resting the blade of the razor on 
the plate (vide Fig. 7), make the cut precisely a& in free-hand 
cutting. The section ia then brubhed off into the saucer, the 
screw tamed up slightly, the razor Ket, and a second cut made. 
These steps are repeated until the required number ot sections has 
been obtained. 
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The inil»ed<iiiie material will separate from the euts as they 
are floated in the alcohol. They may now be selected, lifted 
»Hth the needle into clean spirit, and preserved, as before indi- 
cated, for future operations. 

The finest section cutting can only be done with one of the 
more elaborate and expensive microtomes (Figs. 8 and 9). Bach 
of these instruments consists of a heavy sliding knife-carrier, 
which moves on a level and with great precision, and of a device 




(screw or inclined plane) for elevating the object that is cut the 
de8in*d distance after each excursion of the knife. The distance 
that the object is raised is, of com-se, the thickness of the sec- 
tion. Such microtomes are especially adapted to cutting frozen 
tissues or those imbedded in celloidin, but they may be used with 
paraffin imbedding. The Minot microtome, which is intended for 
cutting objects in parafBn, is preferable for the latter purpose, 
especially if a number of sections are to be kept in the order in 
which they were cut, — "serial sections." 
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SHARPENING KNIVES 

In the majority of instances of failure to produce suitable sec- 
tions for microscopical work, the cause can be set down to dull 
knives, and we would urge the student to practice honing until able 
to put cutting instruments in good condition. If he will but start 
properly, success is sure. Nine -tenths of the microtomes are pur- 
chased because of failure in free-hand work with a dull knife ; but 
no advantage will he gained by a machine, if the student be incapa- 
ble of keeping the knife up to a proper degree of keenness, 

A knife is a wedge, and for our purpose the edge must be of 
more than microscopical tenuity — it being impossible with the 
microscope to discover notches and nicks if properly' sharpened. 

It is impossible to secure the best results with indifferent tools. 




Figs. 10 and U. Method op Honinq. 



The knife Is first brought with its heel in the position shown at A, Fig. 10. It is' then drawn 
forward as indicated by the carved dotted line until, at the end of the stroke, the position C 
is attained. Fig. 11 indicates the method of turning the blade before reversing and between 
each stroke. 



The knife should be hard enough to support an edge, but not so 
hard as to be brittle. The proper temper is about that given a 
good razor. 

We need at least two 'hones — one comparatively coarse, for 
removing slight nicks, and another for finishing. The first part of 
the work is best done by means of a sort of artificial hone made 
of ground corundum. These are kept in stock by dealers in 
mechanics* supplies, of great variety in size and fineness. For 
razors a "00" corundum slip will best answer. This will very 
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rapidly remove the inequalities from au oxeeedingly dull razor. A 
Turkish hone will l)e best for fiuisbing. For large knives we 
use a third very soft and fine stone. 

Let the corundum slip be plaeed on a level support {or be 
fitted into a block like the carpenter's oil-stone), and cover the 
surface liberally with water,* The hones should always be worked 
wet. Place the knife flat on tlie stone near the right hand, as at 

A. Fip. 10. Draw stendily in the dire(>tion of the curved dotted 
line — i.e. , from right to left — holding the blade firmly on the stone, 

B. with slight pressure until the position C is attained. Kotate the 
razor on its back — ride Fig. 11 — so as so bring the other side on 
the stone, and draw from left to right. Observe that as the knife 
is drawn from side to side (the edge invariably looking toward the 
draw) it is always worked from heel to point. The amount of 
pressure may be proportioned to the condition of the edge. If it 
l>e badly nicked, considerable pressure may be employed ; while, as 
it approaches keenness, the pressure is to be lessened, until the 
weight of the blade alone gives sufficient friction. 

Repeat the process fifteen or twenty times, and examine the 
blade. If the nicks are yet visible, continue honing until they can 
no louger be seen. Then draw the edge across the thumb-nail. 
Do this lightJy, and the sense of touch will reveal iudentiona 
vhich the eye failed to recognize. Continue the use of the coarse 
stone until the edge is perfect, so far as the thnmb-uail test 
indicates. 

The knife is then to be carefully wiped, so as to remove any 
coarse particles of corundum, and applied to the wetted Turkish 
bone with precisely the same motions as were employed in the first 
process, After a dozen or two strokes, examine the edge by 
applying the palmar aspect of the thumb, with repeated light 
touches, from hee! to point. This looks slightly dangerous to 
the novice, but it is an eseellent method of determining the con- 
dition. Of course actual trial with a piece of hardened tissue is 
the best test. 

A fine water-stone or the Belgian hone of the hardware shops 
may be used instead of the conmdum hone. 

It is l»est to finish with stropping, and often a knife may be 
sharpened by stropping alone. The leather of the strop should 
be glned to a support of wood to keep it flat. The movement is 
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the reverse of that employed for honing. The motion is from t 
to heel, the back of the kuife preceding the edge. Fig. 10, wi 
the arrow reversed, illnstrates the movement. 

SUPPORTING TISSUES FOR CUTTING 

Frequently small bits of tissue are required to be cut — piec 
too small to be held with the lingers. We are in the habit 
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cementing such tissues into a bole iu a bit of ailautus- or elde 
pith, when the whole may be cut as one mass. Tissue is fi 
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cutting ; or the cork may be held in the vise of the microtom 
The edge of the kuife should not be allowed to touch the cork. 
Fig. 12 shows a simple little instrument, very convenient f 
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using paraffin as a cement. A piece of stont copper or brass wire 
is bent as indicated, pointed, and driven into an ordinary awl- 
haudle. Paraffin wax posseasee the very valuable property of 
rpinainiDg solid at ordinarj' temperatures, not cracking in tlie cold 
of wint4?r nor softening in summer. It is unaltered by most re- 
sgetits, is easily rendered fluid, and quickly solidifies. As a 
cement, it is invaluable to the microscopical technologist. 

Pig. 13 indicates the method of cementing « piece of tissue to a 
cork or other support. The tissue having been properly placed, 
the wire tool is hotted for a memeut in the alcohol flame, and then 




touched to a cake of paraGBn. The paraffin is melted in the 
Vicinity of the hot wire, a drop adheres to the latter and is carried 
to the edge of the tissue. In the cut the wire tool is seen in the 
position neeessarj- for cementing one edge. The wire being 
removed, the wax immediately cools and becomes solid. The other 
Bides are afterward cemented in like manner. The whole is done 
in less time than is necessary to the description of the process. 

THE FREEZIKG MICROTOME 

After freezing a piece of tissue, sections may be cut without the 

delay required for imbedding in paraffin or cclloidin. Fresh tissues 

. may be used, or those hardened by some of the various fixing 
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floidft, preferably formaldehyde, may be taken. Small pieces that 
have been hardened for a few hours in fonnaldehyde may be eat 
vei?' thin after freezing, and thi£ plan is most usefol in pathological 
work. Sections of fresh tissues may be examined with the micro- 
scope directly, or they may be placed in formaldehyde, and after- 
wards stained and monnted as directed in the succeeding pages. 
Sections of hardened tissues may be stained and mounted in 
bal»aio. 

Freezing of the specimen is done upon a metal box or plate, 
which may be attached to the ordinary microtome. Microtomes 
designed especially for freezing are also made (Fig. 14). Freezing 
is best accomplished by the escaping stream of carbon dioxide gas, 
derived from a cylinder of the compressed gas. An ether-spray 
may be used for the same purpose, or the water running from a 
salt and ice freezing mixture through a small metal case which may 
be placed on the microtome. The pieces of tissue should be not 
more than five millimeters thick. 

FlXIXa OR HARDESiyO FLUIDS 

We have already seen that most animal tissues are unsuitable 
for the production of thin sections until hardened. 

It is also a fact, paradoxical . though it may seem, that fresh 
tissues do not present truthful appearances of structural elements. 
The old -school histologists insisted upon the presentation of struc- 
tures unaltered by chemical substances, while the modem worker 
has discarded such tissue with ver}' few exceptions. Many descrip- 
tions for structure and growth, the result of study upon fresh 
material, have been proved by later methods grossly inaccurate. 

It is impossible to remove tissues from the living animal and to 
subject them to microscopical observation without^ at the same 
time, exposing tbem to such radical changes of environment as to 
produce structural alterations. Certain tissues presenting in the 
living condition stellate cells with the most delicate^ though well- 
defined, branching processes, when removed from contact with the 
lK>dy, however expeditiously, afford no hint of anything resem- 
bling such elements, as they are quickly reduced to simple 
spherical outlines. 

In short, it is impossible to study fresh material^ as such, with- 
out constant danger of erroneous conclusions, as retrograde altera- 
tions of structure commence with surprising rapidity the moment 
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Fm part is severed from the iuflueuoes which control the complete 
\ or^niiism. 

From what has been said, we appreciate the necessity of agenta 
I :which, when applied to portions freshly removed from the animal, 
I or even before removal, shall instantly stop all physiological pro- 
I cesses and retain the elements in permanent fixity. 

Verj' mneh of the human structure which is available will be 
[ Becared only after functional activities have long ceased, and the 
I Btructure essentially altered. We are, therefore, compelled to 
I resort to the use of material from the lower animals in very many 
\ instances. 

ALCOHOL HARDENING 

The tissue, whatever process may be in contemplation, having 
been removed from the body as quickly after death as possible, 
should, with a sharp scalpel, be divided into small pieces. Of the 
more solid organs, pieces not more than one-half to one centimeter 
thick will be sufficiently small, and they will harden rapidly. The 
smaller the pieces and the larger the quantity of hardening fluid, 
the more quickly will the process be completed. The volume of 
fluid should exceed that of the tissue at least twenty times. Wide- 
mouthed, well stoppered bottles, from one ounce to a pint, or even 
larger, are best, and they should be carefully labelled and kept in 
a cool place, with occasional agitation. 

ifHick Method. — A piece of any solid organ, say liver, spleen, 
pancreas, kidney, uterus, lymph-node, ete., not more than one-half 
centimeter thick, may be perfectlj' hardened in twelve hours by 
immersion in one ounce of ninety-five per cent, alcohol. No more 
should be thus prepared than is to be cut within twenty-four 
hours, on account of the shrinkage which results after the pro- 
longed immersion of solid structures in strong spirit. 

After the tissue has been one hour in the above, it may be 
hardened tn one or two hours more if transferred to absolute 
alcohol. This method is of frequent advantage in pathological 
bistologj-. 

Ordinary Method. — Generally it is better to place the pieces of 
tissue first in eighty per cent, alcohol, and to transfer them after a 
few hours to ninety-five per cent, alcohol, in which the hardening 
is completed. In this manner the shrinkage and the extreme 
faardening of the surface, which result when strong alcohol alona 
la osed, are avoided. The jar needs to be shaken occasionally. 
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The portions of tissue should be not more than one -half to one 
centimeter thick. 

Alcohol is the most generally used of all hardening and fixing 
fluids. Tissues preserved in it will keep indefinitely, especially if 
the strong alcohol be replaced by eighty per cent, alcohol after a 
time. When bacteria are to be demonstrated in the organs, alcohol 
is as good as any agent that can be used. But when the blood, 
the nuclear figures, the elements of the nervous system, and the 
finer points in histological structure are to be studied, other fluids 
are more suitable. 

muller's fluid 

Bichromate of potassium 2.5 grams. 

Sulphate of sodium 1 gram. 

Water 100 e.c. 

Miiller's fluid is one of the most valuable of all fixing agents. 
The time required for hardening is six weeks or more, but harden- 
ing may be hastened by placing the jar in an incubator. The 
pieces of tissue must be small. The fluid must not become dis- 
colored, and must be changed frequently at first. It is most 
valuable for nervous tissues, which harden only after months. 
After hardening, the tissues must be washed in running water for 
twenty-four hours, and are then placed in alcohol, except nervous 
tissues, which are placed in strong alcohol without washing, 
when the Weigert haematoxylin stain is to be used. Miiller's 
fluid preserves the blood -corpuscles in the organs admirably. 
The hardening can be hastened by adding ten per cent, of 
formaldehyde (forty per cent, solution). This mixture is known 
as Orth's Fluid. It has the advantages of Miiller's fluid, while 
the hardening is completed in a week or less. 

FOR3LA.LDEHYDE is a gas which is manufactured in a forty per 
•cent, solution in water. The solution has a very pungent and 
irritating odor, and is a powerful germicide. It is most valuable 
for preserving large anatomical and pathological specimens, which 
keep their natural colors in it much better than in alcohol. It is 
also useful in histological work as a fixing agent. Pieces of tissue 
one centimeter thick are hardened in twentv-four hours in ten 
parts of the forty per cent, formaldehyde solution of commerce, and 
ninety parts of water. Very small pieces of tissue may be 
hardened in formaldehyde for a few hours, and excellent sections 
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may theu be cut diret-tly after freezing. The staining properties 
of tissues lianiened in tliis fluid are. well preserved. The speci- 
mens maj' l>e kept in it indefinitely. 

PlCRir ALCOHOL (HAGF.) 
Pierip acid 2 Brams. 

Alirotiol . . , 50(1 U.I!. 

Wnter 50(1 e.v. 

This is an excellent fixing agent fur most tissues. Hardening 
is completed in one to three days, 

OsMic ACID is sold in hermetically sealed capsules. It is used 
in one per cent, solution in distilled water. The solution should be 
freshly made when possible. It deteriorates in the light, and must 
be kept in a dark closet. Its vapor is very irritating. The use- 
fulness of osmic acid depends largely upon its property of staining 
fat black. It is often employed in pathology. In histologj' it is 
most valuable for nervous tissues. It staius the medullary sheaths 
of medullated nerve-fibers black. The pieces of tissue must be not 
more than four millimeters thick, as osmic acid has very feeble 
penetrating power. Tbey are left in the solution twenty-four 
hours, washed thoroughly, and transferred to eighty per c«nt. 
alnohul. In preparing specimens for microscopieal study, it is best 
U} avoid nsiug turpentine or xylol, which dissolve the stained fat, 
if that is to be preserved. 

plemming's solution 

Two per rent, osmic acid eolut.inD .4 parts. 
One per cent, ehromie oeid solution ... 15 parte. 
Olacial acetic acid. 1 part. 

The pieces of tissue should be four millimeters or less in thick- 
ness. They are left in the fluid twenty-four honrs, and, after 
thorough washing, are transferred to alcohol. This fluid is 
designed to preserve the karyokineti*; figures, using safranin or 
, lueinatnxyliu to stain them. It is also admirable to fix eellnlar 
I.Btmctures in general, and it stains fat black as well as osmic acid 
f aloDc. 

Another formula proposed by Plemming for fixing the karyo- 
kinetie figures consists of 




CUromip auid .2 grams. 

Qlacinl acetic Bi;id 1 e.c. 

Water 100.0 c.e. 



3« 









I: 



znr»}isieit *it itaziieiim^ 



_ T 






agents, 
y-foor hours, 
sobiseqaently 



♦ ^ff 



A'lZ •LllA'- A30 H^LRDGHXt? 






L anid 15 best pneser>'ed 
;x>»L dilatiii^ it &s may 
fts foQows: 






.» e.<- 



For gener&l use. dil:i:r ihr^etr ports wiih six hundred parts of 
water. whi*:h ^vea a str»r=^^ of --e-^y oae- sixth of one per cent. 

The tLssue. as s«»a as 5e.':ire^i and properly divided, is placed 
in the above, remeinl-erin^ iz.rr nl-r regarding quantity. Change 
in twenty -four hoar? to frvsh s-il^irlon. and again on the third day. 
In .seven days, or thrr«kc->at. rr.:\r,g^ the doid again. The tissue 
must now be wateheii '.^arefully: and when, on cutting through a 
piece, the fluid is found to have stained the blocks completely, 
taking from two to three, or even four w^eks, remove to a large jar 
of clear water and wash, preferably with running water, for tweoty- 
four hours. The washing having removed the chromic acid, the 
ti«.sue is further hardtrned in alcohol. 

Verj' small pieces of tissue may be hardened in one or two days. 
Chromic acid is useful to preserve the nuclear figures. 



ERLICKI S FLUID 



Bichromate of jtotassium 
Sulphate of copper . 
Water 



2.> grmms. 
10 ** 
1.000 c.e. 



This may be employed iu precisely the same manner as the 
dilute chromic acid solution. 



DErALCIFYlNG PK<X'ESS 

Hix per cent, chromic acid solution 9 parts. 

Nitric acid, C. P 1 part. 

Water 00 parts. 

The cartliy Halts may be removed from teeth and small pieces of 



bone with a liberal supply of the above in about twenty days. A 
frequent change of the solution will greatly facilitate the process, 
and on occasional addition of a fejr drops of the nitric acid may be 
made with ver>' dense bone. After the removal of the lime salts, 
the pieces may be preserved in aloohol until such time as sections 
are needed, when they may be cut with the microtome without 
injuiy to the knife. 

DISSOCIATING PROCESS (w. STIKLING) 

Arlificifil OiiHiric Fluid 
Pepsin . I gram. 



This process depends for its value npon the fact that tiertain 
connertive tissues are more rapidly dissolved by the fluid than 
others. 

lilBEllDISU . 

The best and thinnest sections can only be cut when properly 
hardened tissues are used, and when the meshes of the tissue have 
been filled with some substance which supports the delicate elements. 
The substances used for this pni-pose are paraffin and eelloidin, or 
rollodioD. 

THE PARAFFIN .METHOD 

«. Pieces of tissue 2-3 mm. thick ai-e to be placed in ninety- 
five per ceut. alcohol for tweuty-four hours. 

h. In pure chloroform six to eight hours. 

r. In a saturated solution of parafBn in cboloroform two to 
three hours. 

d. In melted paraffin, having a melting point of 50° C, which 
requires the use of a water bath or oven, one to six hours. The 
chloroform must be entirely driven olf , and the tissue thoroughly 
infiltrated. 

r. Change to fresh paraffin for a few minntes. 

/. Finally place the tissue in a small paper box and pour the 
melted paraffin about it. Harden ua quickly as possible with run- 
ning water It is important to fix the piece of tissue in a suitable 
position, if the position is of importance, before pouring in the 
melted paraffin. 
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Sections of exquisite thinness may now be cut. The knife need 
not be wet. Paraffin imbedding is especially adapted to making 
serial sections. 

In order to mount the sections, proceed as follows: 

a. Place the sections on a slide. Add a thin solution of gum 
arabic, upon which they float. Warm slightly, when the sections 
will flatten nicely. Drain off the superfluous gum solution, leaving 
the sections in their proper positions. Let them dry for some 
hours, and they will be firmly fastened to the slide. 

h. Dissolve out the paraffin in one of the numerous solvents 
(xylol, half an hour or less). 

c. At this point, unless the piece of tissue was stained in bulk 
before imbedding, the xylol should be washed off with alcohol and 

d. The section stained with one of the dyes described here- 
after. 

e. Dehydrate in alcohol. 

/. Clear in some suitable agent, as xylol or oil of cloves. 
g. Mount in balsam. 



CELLOIDIX INFILTRATION 

Certain structures require permanent support — i.e., not only 
while being cut, but during the subsequent handling of the sec- 
tions. The celloidin infiltrating process is best adapted to such 
material. Considerable time is needed for the successful employ- 
ment of the process, but results can be secured that cannot be 
equaled with any other method. 

Celloidin is the proprietary name of a sort of pyroxylin, very 
soluble in a mixture of ether and alcohol, producing a collodion. 
If thick collodion be exposed for a few moments to the air it 
becomes semi-solid — not unlike boiled egg-albumen; and to this 
property is due the value of a solution of celloidin in histology. It 
may be used as follows: 

To a mixture of equal parts of ether and alcohol add celloidin* 
until the thickest possible solution has been obtained. 

A piece of alcohol -hardened tissue, having been selected and 
kept for the preceding twenty -four hours in a mixture of equal 
parts of alcohol and ether, is placed in about an ounce of the solu- 



*We find, after repeated trial, that the ordinary soluble ifun-cotton, such as is employed hy 
photOKraphers, is in no way inferior to the celloidin. 
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tioQ and allowed to remain twenty-four hourg. The bottle eon- 
taining the whole should be well corked, to prevent evaporation. 

The tissue aft«r inSltratioa is to be placed on a wooden block, 

and allowed to remain in the opeu air for a few minutes, after 

whi<'h it should be plunged into a mixture of alcohol two parts, 

water one part. Here it may remain for twenty-four hours, or 

• until wanted. 

Cut in the usual way, using a mixture of alcohol two parts, 
water one part, for flooding the knife. The section should be 
finally preserved in the same instead of pure alcohol, which would 
dissolve the celloidin. 

In infiltrating the tissue with the collodion it is best, especially 
if it be very dense in ports, to asc first a thin and subseciuently 
the thick solution. A more perfect infiltration is often obtained 
in this way. In some cases we have been obliged to continue the 
maceration for several days. The solution should be kept in well 
stoppered bottles, as the ether is exceedingly volatile. Should the 
collodion at any time become solid from evaporation, it may be 
easily dissolved by adding the ether and alcohol mixture. 

The process is of inestimable value where delicate parts are 
weakly supported, and where it is important to preserve the normal 
relations. The gelatiu-lifce collodion permeates every space, and 
as it is uot to be removed in the future handling of the sections, 
it affords u support to portions that would otherwise be lost or 
distorted. It offers no obstruction to the light, being perfectly 
translucent and nearly colorless. 



STAIXjyB AGENTS ASD METHODS 
STAINING Pt-UIDS 

It is a very interesting fact {and one upon which onr present 
knowledge of histology largely depends) that, on examination of 
tissues which have been dyed with special colored fluids, the dye 
will be found to Lave colored certain anatomical elements very 
deeply, others slightly, while others still remain unstained. 

Certain dyes are called general or ground stains, because 
they stain all parts of a tissue alike, or nearly so. Others, which 
are entitled selective, exhibit an affinity for some particular stmc- 
tnre, ustially the nucleus of the cell. Hematoxylin, or logwood, 
for instance, has such an afilnity for nuclei. The whole nucleus is 
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not stained, but certain threads in it, which ordinarily appear -as 
granules. This part of the nucleus is called .chromatin, on account 
of its affinity for dyes. In a tissue colored with haematoxylin, the 
minute granules of the nuclei are so deeply stained in the logwood 
dye as to appear almost black. The nuclei are plainly stained, while 
the limiting membrane of cells is usually but slightly colored. Old, 
dense connective tissues stain feebly, or fail entirely to take color. 
The differentiation is, without doubt, due to chemical action 
between the elements of the dye and those of the tissue. 

A very great number and variety of materials have been used 
for histological differentiation, and a simple enumeration of them 
all would very nearly fill the remainder of our pages. It will be 
found, however, that leading histologists confine themselves to two 
or three standard formulae for general work. We shall notice only 
those methods that have been thoroughly demonstrated by years 
of employment as best for the purpose suggested. Special cases 
will require special treatment, which will be indicated in proper 
connection. 

It is important in all cases to secure the purest and most con- 
centrated dyes obtainable. It is better to make your own solutions 
than to buy them already prepared. 

DELAFIELD ' S H^EM ATOXYLIN 

HsBmatoxylin crystals 4 grams. 

Aliiohol 25 c.c. 

Ammonia alum 50 grams. 

Water 400 c.c. 

Glycerin 100 c.c. 

Methyl alcohol 100 c.c. 

Dissolve the hcematoxvlin in the alcohol, and the ammonia alum 
in the water. Mix the two solutions. Let the mixture stand four 
or five days uncovered ; it should have become a deep purple. 
Filter and add the glycerin and the methyl alcohol. After it has 
become dark enough filter again. Keep it a month or longer 
before using ; the solution improves with age. At the time of 
using, filter and dilute with water as desired. 

EOSIN 

Eosin is an aniline dye, sold in the form of a red powder. It is 
best to keep on hand a saturated solution in alcohol. A few drops 
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of -this stock Eolutioa may be added to a small di^h full of water ut 
the time of ugin^. 

BORAX-CABMINE ((iRESACHEK) 

Csnniim - '1.5 griMtiB. 

Borax . . 4.0 Kraias. 

Aleoliol (70ft) 100,0 v.a. 

Water IITO.O CO. 

Rub the carmiQe and borax together. Dissolve them in the 
water, which should be hot. The alcohol may be added wheu tho 
mixture is cold. The stain will be availatile after two weeks, but 
improves nnth age. This solution is especially suitable for tho 
staining of whole masses of tissue before imbedding, i.e., in bulk. 
For staining in bulk, leave the tissue in the carmine for twenty- 
four hours. It may be used for sections, however, which are to be 
left in the stain fifteen minutes or longer. In all cases carmiuo 
staining is to be finished with the use of acid alcohol, which diifer- 
entiates the elements. 

ACID ALCOHOL 

Alcohol (70*) lOO e.c. 

Tlydroohloric oiiiA (strong) 1 c.c. 

Sections stained in carmine are plaeed iu acid alcohol for a few 
minutes. They acquire a brilliant scarlet color. For specimens 
stained in bulk, dilute the acid alcohol with twice as much 70 per 
cent, alcohol, and leave the tissue in the mixture twenty-four hours. 



PICRO- CARMINE 

Carmine 1 gram. 

Aqua ammonia (strong) ■ 6 c.e. 

Wnler ........ 50 c.p. 

tinturated water; solution of picric acid 50 k.p. 

Add the picric acid solution after dissolving the carmine in the 
diluted ammonia. Let the misture stand uncorked for two days, 
aud filter. The carmine gives a nuclear stain, while the picric acid 
serves as a counter stain. 



lODIXE SOLUTION 

Iodin« ... 1 grain. 

PolBMinm iodide 2 gnuna. 

Water 300 c.o. 
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WEIGERT-PAL HEMATOXYLIN METHOD 

This stain is employed for nervous tissues containing medallated 
nerve-fibers. The medullary sheaths of these fibers are stained 
intensely black, while the other elements of the tissue remain pale. 
It is used chiefly for the spinal cord and the brain. 

The tissue is first hardened in Miiller's fiuid. Unless the pieces 
of tissue are very small, the hardening requires months. The 
fluid must be changed frequently. Hardening is completed in 
strong alcohol, without washing in water. Imbed in celloidin. 

The sections are overstained with haematoxylin, and subse- 
quently are partly decolorized. The medullary sheaths retain the 
stain with greater tenacity than the other elements of the tissue. 
The solutions used are as follows: 

HaBmatoxylin crystals 1 gram. 

Alcohol 10 c.c. 

Water 90 c.c. 

Boil and filter. Allow the solution to stand a week or two. If 
used sooner, add a drop of saturated solution of lithium carbonate 
to a part of the stain in a small dish. 

Permanganate of potassium 1 gpram. 

Water 400 c.c. 

One per cent, solution of oxalic acid. 

One per cent, solution of sodium or potassium sulphite. 

Mix the oxalic acid and sodium sulphite in equal parts at the 
time of using. Sulphurous acid is formed. 

The steps in staining are as follows: 

a. Sections are placed in the htematoxylin for twenty -fouir 
hours, and are intensely stained, becoming nearly black. The pro- 
cess may be hastened by letting them stand in an incubator, where 
they may be sufficiently stained in a few hours. 

h. Wash in water. 

c. Place the sections in the permanganate of potassium until 
they acquire a dark brown color (one -half to five minutes). 

d. Wash in water. 

e. Place the sections in the mixture of oxalic acid and sodium 
sulphite. The brown color should give way to a blue black in the 
white matter, while the gray matter becomes nearly white. If the 
sections remain too dark they may be returned to the permanganate 
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Eor a few minutes, au<l theu to the sulphurous acid a^in, always 
WRshiug in water Iwtweeti the two i-hanges. 

/. Wash thoroughly iu water, and mount in tlie usual way in 



ANILINE D\YS 

The substances known as aniline dyes are derivatives of eoal tar, 
but not alwaj-a of aniline. These dyes have beeome of great 
importance in all kinds of biological work. The number of 
different compounds is very large, and only a few of the most 
common can be mentioned. None but the purest dyes should be 
ased, and those manufactured by Griibler can be recommeuded. 
They are sold iu the form of powders. American agents for 
Griibler's dyes are Eimer & Amend, of New York city. It is 
simplest to classify the dyes as basic or acid. Fuchsin, methylene 
blue, gentian violet, and safranin are basic dyes. They have bq 
affinity for nuclei aud for bacteria. E]osin, picric acid, and acid 
fuchsin are acid dyes, tending to stain tissues diffusely. The use of 
eosin aud picric acid has been described on pages 28 and 29. 

Certain cells have granules in their protoplasm. The granules 
of some cells manifest an afKnity for basic dyes (baaophile, Sandy), 
others for acid djes (acidophile or eosinophile, <•), aud others 
for a mixture of the two (neutrophile, *), and others still for both 
the acid and the basic (araphophile, fi). 

It is best to keep on hand saturated alcoholic solutions of these 
dyes, from which waterj- solutions may be made when needed, 
by adding a few di-ops of the alcoholic solution to a small dish 
filled with water. 

The basic djes may be used as nuclear stains as follows: 

a. Stain sections in a strong watery solution of the dye five 
minutes or more. The sections will be somewhat overstained. 

6, Wash in one per cent, acetic acid a few seconds. 

c. Alcohol, Dehydration must be done rapidly, as alcohol 
extracts the color from the tissues. It mnst. nevertheless, be 
thorough, 88 xylol, which is used iu the next step, only mixes with 
strong alcohol. 

li. Xylol. This agent is the one used to clear specimens after 
staining with basic aniline dyes, because most of the oils slowly 
dissolve out the aniline colors. 

f. Balsam. 

Among the dyes u.sed in this manner, safraxin is lo be espe- 
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cially recommended as a nuclear stain. The sections are treated 
according to the programme just given, except that they should 
remain in the safranin solution (one per cent.) some hours. 
Safranin has been employed largely in staining karyokinetic 
figures, after hardening with Flemraing's solution (page 23). 

NiGROSiN is an aniline color used mostly for nervous tissues. 
It is valuable when results are desired at once, without waiting 
for the tedious hardening process required for the Weigert-Pal 
method. 

a. Stain sections in strong watery solution of nigrosin five to 
ten minutes. 

h. Wash and mount in the usual way in balsam, clearing in 
xj'lol. 

VAN GIESOX'S STAIN 

Acid fuchsin (one per cent, watery solution) . . . 15 c.c. 

Picric acid (saturated watery solution) 50 c.c. 

Water 50 c.c. 

a. Stain sections in ha^matoxylin. 
h. Wash in water. 

c. Stain in the picric acid and acid fuchsin from three to five 
minutes. 

d. Wash in water and mount in the usual way in balsam. 

The Van Gieson stain is used chiefly for connective and nervous 
tissues. 

EHRLICH TRICOLOR STAIN 

Saturated watery solution orange G 120-135 o.o. 

*' *' '' acid fuchsin . . . 80-165 c.c. 

** " ** methyl green ... 125 c.c. 

Glycerin 100 c.c. 

Absolute alcohol 200 c.c. 

Distilled water 300 c.c. 

This formula is only one of a number with which Ehrlich's 
name is associated, as well as those of Biondi and Heidenhain. A 
powder containing the dyes already mixed is sold by dealers, and 
usually works very well. It may be used to stain sections of 
tissues, but is employed mostly with preparations of blood, dried 
on cover -glasses and fixed by heating. Stain five minutes or less. 
It is designed to stain the neutrophile granules of certain leucocji;es, 
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which benome colored reddish brown. Eosinophile erannles 
become brilliaut red. Nuclei are stained green by it, while the red 
corpnecles are orange-red or brown, Il« use will be referred to in 
the chapter ou blood. 

METALLIC STAIXS OR IMPHEflNATlONB 

Compounds of silver, gold, mercnrj-, and osmium are naed to 
color particular elements in the tissue, or they are precipitated in 
certain structures as opaque deposits, Osmie acid has already been 
de8eril>ed on page 23, Of the other snhstancea, nitbate op silver 
is the most important. 

This salt is used in dUute solutions (1-300, 1-500) made 
with distilled water, . It is most valuable to stain the ceraent-sub- 
stance Iwtwecn the cndotbellul cells of memhrauefi, like the peri- 
toneum. The membrane is stained while fresh, and must be 
washed free of all albuminous substances which might precipitate 
the silver. It should also be stretched over the rim of a diah. 
The solution of nitrate of silver should be allowed to act upon the 
membrane, care being taken to have it reatdi all parts of the 
Burfaee. It has little penetrating power. After Ave to ten minutes 
wash in water, and expose to the sunlight, in which the color 
becomes brown, owing to dark lines which develop between the 
ceils. Mount in glycerin or balsam. 

UOLOI METHOD FOB STAINIXH HBAIN AND SPINAL I'ORll 

There are many formulas which different investigators have 
need with more or less success. All of them seek to impregnate 
the tissue with silver or mercury salts, which become precipitated 
on some of the nerve- elements and render them visible. At best, 
the Golgi method is uncertwn, but when it is successfnl, the prep- 
arations obtained are of great beauty and value. 
The following procedure can be recommended : 
(I. Small pieces of fresh tissue are hardened from two days 
to a week in 



nu-hulf percrenl. 40 c.o. 

The time required varies accordiug to the part of the tissue 
to be stained. Neuroglia requires the shortest and nerve-flbers t)ic 
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longest time. For gaugliou-cells the time should be intermediate 
between these. 

b. The tissue is placed in a three -fourths per cent, solution of 
nitrate of silver for one to six days. 

c. Cut rather thick sections, about 50 ft. Alcohol is to be used 
as little as possible. Sections may be cut free-hand or between 
pieces of elder -pith, or by fastening on the block with paraffin 
(page 18); or by imbedding rapidly in celloidin, taking about 
twenty minutes for all the steps. 

d. Alcohol, xylol, and balsam, as usual. 

€, Mount without a cover -glass, and keep in the dark. 

cox's MODIFICATION OF THE GOLGI METHOD 

Golgi found that the bichloride of mercury could be used for 
the impregnation of nervous tissues in much the same manner as 
the nitrate of silver. The formula proposed by Cox has been 
highly recomended. 

Bichromate of potassium (five per. cent. solution) 20 part-s. 
Bichloride of mercury (five per cent, solution) . . 20 parts. 
Simple chromateof potassium (five per cent, sol.) 16 parts. 
Distilled water 30 to 40 parts. 

Specimens should be left in the mixture for one month in sum- 
mer, and for two to three months in winter. The impregnation 
should take place uniformly throughout the preparation. 

INJECTION OF BLOOD-VESSELS 

To make the small blood-vessels appear in microscopical prep- 
arations they may be filled with some colored substanoe. An 
entire animal recently killed, or merely one organ, may be injected. 
A canula is tied in the proper vessel and injected with a syringe, or 
from a flask holding the coloring substance, which is emptied by 
mercurial or water pressure. Among many formulas for injecting 
fluids, the following may be used: 

Soluble Berlin blue 3 grams. 

Water 600 c.c. 

This mixture has the advantage that it may be used cold. 
Carmine-gelatin must be kept warm while injection is pro- 
ceeding, as must the object which is being injected. Two and one- 
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half grams of carmine are i-ubbed up with a little wat*r, and stroug 
animuuia added, a drop at a time, till the carmine is dissolved. 
Then filter. Five grams of gelatin liaviug previously been dis- 
solved in water, add the carmine solution. Now neutralize the 
carmine -gelatin exactly with aeetii? acid. As the neutral point ia 
approached, the acid must be dilut«d uud added eautioualy; 
Alter. 

CLEAKlSa AOEN'TB 

The commonest method of preparing sections is to mount them 
finally in Canada balsam. Staining is usually performed in wat«ry 
solutions. Water does not mix with balsam. After staining, 
therefore, the water is t« be removed with alcohol, which has an 
affinity for water. The alcohol must in turn be removed with some 
substance which will mix with balsam. The various fluids used 
for clearing have this property, and also make the tissue trans- 
parent. Aniline oil is a clearing agent which will itself remove 
water from the tissues without the use of alcohol. It does not dis- 
aolve celloidin. It extracts the aniline colors, however. Xylol can 
only be nsed when dehydration is iiei-fect. It does not dissolve 
eelloidin, nor extract the aniline dyes. It is often used mixed with 
one-third of its volume of carbolic aoid — carbol-xylol. When an 
agent that will not dissolve celloidiu is desired, a cheap and excel- 
lent sut)8titute for the last is the carbol-tubpentine of Gage: 



Carbolie Bfid cryHtals {melted) . 
Oil of turpentine 



The essential oils and ckeosote are used frequently for clear- 
ing, for example, the oils of ohihanum, of berramot, and of 
THTME. Oil op cloves is used very extensively, but it has the 
property of removing the aniline dyes quite rapidly, and it dissolves 
celloidin. It may be used to clear celloidin sections, except the 
most delicate, if care be used. Delicate sections should be cleared 
on the slide. Other sections may be placed in a small dish of the 
clearing fluid. 

MOrXTING MEDIA 

Canada balsam is the medium most used for the permanent 
preservation of microscopical preparations. It should be dissolved 
in xylol, which does not affect the aniline stains. 



Dammar is sometimes need in the same manner as balsam. 
Balsam and dammur miiy be kept I'u large-mouthed bottles, from 
which they are removed with glass rods. They are also sold in 
flexible lead tubes, which make a convenient way of handliDg 
them. 

Fresh tissues are often studied in a six-t«nths of one per 
cent, solution of sodium chloride iu water — norsial salt solution. 



h 




Objects are often mounted in glycerin, especially those that 
would be injured by alcohol. It is best to use a circular cover- 
glass, and to suiTound the edge with some soluble cement, nsing a 
tiim-lable for this purpose. 

Zinc cement, asphalt varnish, and other suitable cements may 
be purchased from dealers iu mici-oseopical supplies. 



STAINIXG METHODS 
HEMATOXYLIN STAINING PBOnESS 

Yon will require for future work a needle like Fig. 16, several 
saucers, preferably of white ware; a few watch-glasses (large, odd 
sizes are usually cheaply obtainable at a jeweler's) ; half a dozen 



" individual salts, " — and 
box, such as druggists 



t jour 



glass saltcellars — small ones knowu as 
a two-ounce, shallow, covered poreelai 
use for ointments, dentifrices, etc. 

Place on the work-table (best located so as to be lighted from 
jour side and not from the front) in order, as in Fig. 17: 




BSMATOSFLIX STA/SISG I'HOrKSS 

1, Watrh-glass, containing say !l( c.i-. diluted liwniatnx.vliii. 

2. Snurer, filled with water. 

:i. Sallcetlar, filled with alcohol. 

4. The corrri-d porcelain box, containing alx>ut 20 c.c. oil of 
cloves* or earbol-tuvpentine. 

Select a section from some one of j'our stock liottles, lifting it 
(lilt with the needle, and place it in the hfematoxyliu solution. The 




section, having been taken from alcohol mid transfen-ed to a 
watery staining fluid, will twirl almiit on Ihc wnrfiiee of the latter, 
inagniuch as currents are formed by the nnioti of the water and the 
spirit. 

"How long shall I let the section remain in the hf^matosyliuT" 
The only answer we can give is, "Until pi-operly stained." Nothing 
but experien(,-e will give you any more definite itiformatiou. Much 
depends upon some pccnliar property in the tissues: some stain 
rapidly, others stain very slowly. The strength of the dye is 
another determining factor. Usually with the hEpmatoaylJu form- 
ula, as given, from two to three minutes will snfflee. 

Place the needle under the section (if the fluid Iw bo opaque as 
to hide the tissue, place the wateh-glnss over a piece of white paper 
or a bit of mirror) and gently lift it out; drain off the adhering 
drop of dye on the edge of the glass, and drop iuto the saucer of 
water. Here we can judge nn to the color, and we, perhaps, flud it 
lo be of a light purple — too light, so you may return it to the 
Itwmatoxylin for another period of two or three minutes, which 
will probably give sufficient depth. 

As the section floats on the washing water, yon will notice that 
the latter will be colored by the dye, some of which leaves the 

h all of clmiB 111 1b> clcarlnt naent msDUaofd throochast Ibli bonk. II !• to b« 
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tissae. Allow the water to act until no more color comes out. 
The tint of the section changes from purple to violet, and the water 
must be allowed to act until the change is complete. 

If you were to examine your section at this stage, you would 
find it opaque, and as we are obliged to study our objects mainly 
by transmitted light, we must find some means of securing trans- 
lucency. The essential oils are used for this purpose, oil of cloves 
being commonly employed. Lift the section from the water with 
the needle, let it drain a moment, and then drop it into the alcohol 
with which the saltcellar was filled. The object of this bath is the 
removal of the water from the tissue, and this will be accomplished 
in from five to ten minutes. Again lift the section and place it in 
the oil of cloves. The tissue floats out flat, and in a few minutes 
sinks in the oil. 

We might proceed to the examination of the stained section; 
but we shall ask you to let it remain in the oil, covering the box 
carefully to exclude our great enemy, dust, until we have learned 
more about staining. 

To recapitulate: The essential steps in the haematoxylin pro- 
cess are: 

1. Staining the tissue — ha?matoxylin . 

2. Washing — water. 

3. Dehydrating — alcohol. 

4. Rendering transparent — oil of cloves. 

As the section is put in the dye, care should be taken to so float 
it out that it mny not be curled. This is easily done with the 
needle. After the alcohol bath, however, this becomes difficult, as 
the tissue is rendered stiff by the removal of the water. 

This is the simplest and best of all methods for general work, 
and you are advised to master every detail of the process. After 
reading the directions which we have given, and having never seen 
the work actually done, it will not be singular if you conclude 
that the staining of tissues is a tedious and slow process; but after 
a month's work you will be able to stain fifty different sections in 
half an hour, and have them ready for mounting. 

HEMATOXYLIN AND EOSIN— DOUBLE STAINING 

Very beautiful and valuable results in differentiation are 
obtained by staining first with haematoxylin and subsequently with 
eosin. Eosin, a coal-tar derivative, stains most animal tissues 



BORAX-rARMISE STAIM-W I'EncESS 
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:, and it afFonls with Hie bjematoxyliii a good contrastiDg color. 
The tissue in to be Btaiiied in hiBmatoxytin and washed iu water as 
nsual; then it is plai-ed in the ensin solutioa, and afterward 
washed again. The subsequent treatraeiit is as with the plain 
ha-inatosylin process; viz., dehydration with alcohol, after which 
the oil of cloves. 

The diagram. Fig. IH, shows the j)rocess complete: 

1, Watfh-glaaa with hajnintoxylin. 

2, Sftucer with water. 

3. Wairh-glnss two-thirds filled wilh water, with five drops of 
eosin solution added. 

4. Saucer containing water. 

."(. HalUellar filled with alcohol. 
C, Covend oil-iUsh. 

The eusin otaine vei-j- qniekly, Benenilly in about a minute. 
Care should be (jiken not to ovei-staiu wilh it, us it cannot be 
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washed out. If the sections are found at any time to be over- 
stained with htematoxylin the color may be removed to auy desired 
extent by floating them in a weak solution of acetic acid. They 
mnst iifterward be washed very thoroughly in clean water. 

ItORAX-CARMINK STAlNINii PROCESS 

Arrange your materials as in the diagram. Fig. 19, 

1. Watch -yltis)! two-thirds filled with the carmine fluid. 

2. S<turfr containing about an ounce of alcohol. 

3. SaHcrltttr filled with alcohol containing one per cent, of 
hydrochloric acid. 

4. Haltcetlar with alcohol. 

5. Porceiain dish containing oil of cloves. 
The carmine solution will stain ordinarily in fifteen or twenty 

tninntes. After the section has been in the dye for a few minutes. 
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lift it with the needle, drain, and transfer to the saucer containing 
alcohol. You will then be enabled to determine whether the section 
is sufficiently stained; it should be a deep, opaque red. The alcohol 
washes off the section, removing the adhering solution of carmine. 
The carmine must now be fixed in the tissue, or mordanted; and 
this you proceed to do by transferring the section to the watch- 




Pxo. 19. Diagram indicatino the successive steps in staiking with 

Borax-Carmine. 

glass containing acid alcohol. Notice the change in color, from a 
dull red to a bright crimson, and when the chafige is complete, lift 
it into the saltcellar containing clean alcohol. This dissolves out 
the acid. Five minutes suffice for this washing, after which trans- 
fer to the oil of cloves. 

This process does not give as sharp contrasts as the haematoxy- 
lin and eosin, but it is simpler and very permanent. It is best 
to select some one process for general work, and adhere to it. 
The acid of the carmine process must be guarded with extreme 
cdre, as the smallest particle is sufficient to spoil the haematoxylin 
solution. Look to it that the dishes are kept scrupulously. clean, 
and the same care must be bestowed upon the needles, forceps, 
and all other instruments. 

Picro- carmine may be used instead of borax -carmine. The 
sections may need to remain in picro -carmine as much as an hour 
to become thoroughly stained. Acid alcohol is not to be em- 
ployed after staining. In dehydrating, it is well to add some 
pi(*ric acid to the alcohol, in order to prevent extracting the yel- 
low stain from the specimen. 

You may, of course, stain several sections at once, providing 
you take care to keep them from rolling up or sticking together. 

While the vessels which we have recommended will be found of 
convenient, proportionate, and economical size for general work, 
larger ones are sometimes needed ; and almost any glass or porce- 
lain vessel may be impressed for duty. 



CI.EAXIXG SLIDES— TRjySFKRRIXG SECTIONS 
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CLEANINO SLIDES AND COVERS 

Whpri piircliftsing slides, let us nrge yon to get them of good 
quality. The regular size is one Vty three inehee, and the edges 
should be emoothed. As furuished by the dealers they are usually 
quite clean, and only require rubbing with a piece of old linen to 
prepare them for use. 

The cover-glasses should be thin, not over tott of an inch, 
called in the trade-lists "No. 1." Cireles or squares three-quarters 
of an inch in diamet«r are generally convenient. They must be 
thoroughly cleaned. Drop them singly into a saucer containing 
hydrot^hloric acid. Then pour oflE the acid, and let clean water run 
into the dish for several minutes. Drain off the water and pour 
a tittle alcohol on the covers. Remove them one at a time with the 
foreeps or needle, and wipe dry with old linen.* The glass may 
bt! held between the thumb and forefinger, the linen being inter- 
posed. Very slight pressure and nibbing will complete the process. 
The surface of the glasses should l>e Itrilliant, and they should 
be preserved for future use in a dust-tight box. 

TKANSFEBRINU THK SECTIONS TO THK SLIDE 

The section is to be taken from the oil with a section -Iift«r or 
spatula, Pig. 20. Smooth, stiff paper, cut in strips, may be used in 
the same way. 




In changing the sections on the needle or spatula from oue'fluid 
to another, as from alcohol to oil of cloves, it is well to touch the 
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edge of the sectiou to a sheet of blotting-paper or filter-paper, to 
remove as much as possible of the first flnid and prevent its dilul- 
ing the Beeond. 

Place a clean slide ou the table before you, and, with the section- 
lifter used like a spoon, dip up one of the sections from the elove 
oil. By ineiiniug the lifter, the section may be made to float to 
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the center of the slide. A small sable brush is often eonvenient 
for coaxing the section off the lifter. 

If it were our present object to simply examine the section, we 
could drop a thin cover-glass on the specimen, and it wonld be 
ready for study. Such an object wonld aflford every requirement 
for present observation, but would not be permanent. The oil of 
cloves would evaporate after a few days, and the sectiou be ruined. 
We proceed t« make a permanent mounting of our object. 

The clove oil surrounding the section on the slide is first to be 
removed, and it can easily be done by means of blotting-paper. 
With a narrow slip of thin filter-paper wipe up the oil, exercising 
care not to toiich the section, or it will become torn. Proceed care- 
fully, taking fresh paper until the oil will no longer drain from the 
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section when the slide is held vertically. With u glass rod removu 
n little of the xylol balsam {vide formnlw) from the bottle, and 
allow a drop of this balsam to fall upon the set^tion. 

Pick np a clean cover-glass with the forceps, and place it on 
the drop of balsam. This operation is seen in Pig. 22. The point 



of the forwps may be placed hencatli the eover-^ass, the tip of the 
fiirefinBer pressiiiR lightly over it, and you will be enabled to carry 
the Ihin glass wherever desired. 

As the cover settles down the air Ih pressed out, until finally the 
seetion nppears imbedded in the varnish — the latter filling tlieepaee 
between the cover and the slide. 

The object is "mounted." You have a pfrmanent specimen. 
The slide must be kept flat, as the balsam is soft. After some 
weeks, the varnish around the edges of the cover will stiflPen, and 
eventually become solid. Do not paint colored rings around the 
specimen. Nothing can present a neater appearance than the 
simple mount, as wo have described it. aft«r having been properly 
labeled. Labels seven-eighths of an inch square may be put on 
one or both ends, with the name of the object, date, method of 
straining, or whatever particulars you may prefer. 

Specimens should be kept in ti-ays or boxes in such manner that 
they may always lie fiat. 

CASE OF THE 3IJCROSCOPE 

The objectives eoustitut*? the most valuable part of the instra- 
ment. The lenses should never be touched with tlie fingers; indeed, 
the same rule applies to all optical surfaces. Wheu the glasses 
become soiled they may be cleaned, but it should be done with 
great care. While the effect of a single cleaning wonld probably 
not be of the slightest appreciable injury to the glass, repeated 
wiping with any material, however soft, will destroy the perfect 
polish, and nrsult in obstruction of light and consequent dimness in 
the field. Never use a chamois leather on an optical sni-face, as 
these skins contain gritty particles. Old, well worn liuen and 
Japanese papi-r are by far the best materials for wiping glasses. If 
a lens be covered with dust, brush it off, bi-eathe on the surface, 
uud wipe gently with the linen or paper. Should you get clc»ve oil 
on the front lens of the objective (as frequently happens when 
examining temimrary mounts) wipe it dry, and then clean with the 
linen moistened with a drop of alcohol. Cauada balsam can he 
very readily removed from any surface at't*r having softened it with 
oil of cloves. The fi-ont lens of the objective, being the only one 
exposed, is the one usually soiled. 

Particles of dirt on the objective, as I have said, cause a dim- 
ness in the field — the image is blurred. Dust on the lenses of the 
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eye -piece, however, appears in the field. These lenses are readily 
cleaned by dusting and wiping with the linen, after having breathed 
on the surface. Never wipe' a lens when dusting with a earners- 
hair brush will answer the purpose. 

The microscope should either be covered with a shade or cloth, 
or put away in its case when not in use. The delicate mechanism 
of the fine adjustment becomes worn and shaky if not kept free 
from dirt. 
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Part Second 
STRUCTURAL ELEMENTS 

PKEUMiyAUY STVIir 



From a singlo and liaety view of bodies under the mif^roscope, 
Yfe are liable to form erroueoua ideaa of form, Eitlier a spliero, 
disc, ellipsoid, ovoid, or eoue may be so viewed as to present a 
circular outline. It therefore beeomes important to view objects in 
more than & single position. This can easily be accomplished with 
isolated particles by suspension in a liquid. In this way the true 
shape of a blood •corpuscle, c.y., may be determined. 

Again, mnch information eoncerniug the actual form of bodies 
may be gained by a proper adjustment of the fine foeuBing screw. 
You may remember that the depth of the field of view in the micro- 
scope is esc«edingly slight. Speaking accurately, only a single 
plane can be eoen with a single focal adjustment ; but by gradually 
raising or lowering the tube of the microscope the different parts 
of a body may be foeused and studied, and an accurate idea of 
fiirni secured. 

With a glass rod place a drop of milk, which has been pre- 
viously diluted with three parts of water, on a slide, and put a cover- 
glass thereon, as in Pig, 23. Focus first with the low-power (L). 
A multitude of minute dots aro observed. Then change to the high- 
power (H), and the dots will resolve into circular figures. Select 
one of the smaller particles, and, as you raise the focus, the center 
of the figure retains its brilliancy, while the edges become dark or 
blurre<l, showing convexity. Reverse the focus, and the center 
again retains its sharpness long after the edge has l>eeome blurred, 
The figure, then, is a spheroid. These bodies are fat-globules. 
Particles of free fat always assume the spheroidal form when sus- 
pended in a liquid. 

(45) 




4S srrtttnm Bi^roiocr 

Kflrte the Urger elobales: tber bare become flatt^-ned by t 
prMMue of tbe oover- glass. 

CImo tbe iilide, and make a eeoood preparation from tbe dtlnta 
milk — Unit, however, shaking it violently in a l>ottle. Xot« I 
flnttcnt-'l nir-babbleH among the oil-globnles. Ob^rve that thea 
air-lmliblim have no intrinsie color, while the fat-globules «ej 
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Til* nil li iHiu lu fonwt lb* NfriKitMi at C, D. tliiu liTlBs Ihu llttla oalnr to ihs nun 

Ihl. »l«l.uli.. 

fHintl.v ytillow. ObsiTvo the change in the ring of priBtnatic color 
hIh>uI tho inltrc of Uie air-bubble, ae the focus is alt«red. Xo such 
I'oliir will lie wh'Ii in coniiwition with the oil-globule. 

The bubbles iissuitte \nrioHs fiuuM-s from the pressure of the 
mvvfP-ilUiW, 



MOVEMKXT OF OBJECTS 

l>(»i««t» arc fr«iuenlly se^-n moving in the field of the micro- j 
)mk|tr, the iiH>\'va)«nt lH>ing niagniflci) equally with their diinen- 

t%*nm«l l\irr*»tt. — When, with the previous specimen or any J 
ivlUw tluMi tthwnt. ihe warm hand is hrouirbt elose to one side of ' 
llw iit«|0'> l*"' lrf'»bnl«« ID tbe field will W seen swimming more or 
)>««« rR)Nnll,\ . Thcji^ cBrretita mre dne to the unequal heating of tL? 
l^Hid nntter t^v<«^r«-at>i«n. Tbr diraetieit ol )tt«e «uTe>nt is in 1 
W\Y«w »*f its ai'i^r^-nl i 
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I eeaees aft«r a short time. The movement has been attributed to 

[ several causes. 

Vital Movemtiils. — Plaee a drop of deeompoEing urine on a 
slide, cover, aud fcM-iis with H. The field eoutains inuumerabte 
uiinnte splierules aud i-ods (hai-t^Tia) which are iu active motion, 
r«senihltug somewhat the Browniaii inovemeut, although sufficiently 
distinctive after idose observation. 

After having rubbed the tongue for a moment agaiust the iuuer 
surface of the cheek, put a drop of saliva on a elide, cover, and 
focus (H). Amougthe numerous thiu, nucleated scales and debris, 
small granular spherules — the salivary corpuscles — will he found. 
Selectono of the last, center, and focus (H) with extreme care. The 
minute granules within the cells are iu active motion, resembliug 
the Browuiau movement, but with proper conditions the motion 
may coutiuue for many hours. 

KXTRANEOUS SUBSTANCES 

Befoi-e we begin the study of animal tissues, we wish to have yon . 
become somewhat familiar with the appearance of certain objects 
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which are frequently, throagh accident or earelesBnese, and often 
in spite of the titmost care, found mixed with our microBcopical 
specimens. Among the more common objects floating in the air 
and gaining access to reagents, to subsequently appear in our 
mounted specimens, are the following: 

Fihtrs. — Procure minute pieces of uncolored linen, cotton, wool, 
and silk. With a needle in either hand, tease out or separate a few 
fibers on slides, add a drop of water, and cover.* 




Sfarch . — Procure samples of wheat, corn, potato, and arrow-root 
starch, or scrape materials containing any one of these substances 
with a sharp knife. To a niinnte portion on the slide add a drop 
of water, cover, and examine with L and H. 

Wood Hhavhtgs, Feathers, Minute Inseds, Portions of Largfr 
Ittsecis, Pollen, eic, are easily mounted temporarily or permanently, 
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STRUCTURAL ELEMENTS— CELLS 



as before noted. They are very commonly found in urine 
after it lias been exposed to the air, and their recognition ig 
verj- important. 

Let me urge you to become familiar with the microscoptual 
appearance of the commoner objects which surround us in every- 
day life. The most serious mistakes have resulted from ignorance 
of this subject. Vegetable fibers have been mistaken for nerves 
and urinary casta, starch granules for cells, vegetable spores for 
parasitic ova, etc. 



STRUCTrRAL ELEMENTS 

Certrtin anatomical structures, of a more or less elementary 
nature, are nnited in the composition of organs. These stmctural 
elements will, with propriety, first claim notice from us. 



A typical cell is a microscopical sphere of protoplasm, consti- 
tuted as follows (ride Fig. 26) r 

A. Limiting membrane. 

B. Cell-body. 

C. Nucleus, 

D. Nucleolus. 





) KaU consists of an apparenth stmctnreless membrane of 
extreme tenuit\ 

The cell body mav be either cltyir (jelly-like), granular, or 
flbrilliated It contains an albuminous snbstance called protoplasm. 

The nurlfw it. a mmut« spherital vesicle, with a limiting mem- 
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brane inclosing a clear gelatinoas material, traversed by a reticulum 
of fibrillap. 

The HHcleolHs consists of a spherical, highly refracting body 
lying inside of the nucleus, sometimes appearing to be a granular 
enlargement upon the fibrillar of the nucleus. 

Deviations from the type are most frequent, and varj' greatly as 
to form, number of elements, and chemical composition. 




Fig. 27. A Cell Nuclecs. with Network and 

XrCLEOLUS. DlAQBAMMATIC. 

The tj-pically perfect cell is rarely seen in human tissue on 
account of the length of time which commonly elapses between 
death and observation of the structure, the delicate fibrillse of the 
nuclei usually appearing as a mass of granules. 

CELL DISTRIBITIOX 

The complex mechanism of the body had its origin in a single 
cell. This preliminary structure, endowed with the power of pro- 
liferation, became two cells. Two having been produced, they 
became four; the four, eight ; and thus progression advanced until 
they became countless. Some of these cells remained as such; 
others, altercd in form and comix)siti<m, gave birth to muscle, bone, 
etc. The study of these processes belongs to physiology. 

The adult body is composed largely of cells of various forms. 
The different physiological processes, as secretion, absorption, res- 
piration, etc., are effected through the iuter\'ention of these 
anatomical elements. 

All free surf aces, within or without the body, are covered triih 
cells. The entire skin, the outside of organs, as the lungs, 
liver, stomach, intestines, brain, etc.; all cavities, as the alimen- 
tary tract, heart, ventricles of the brain, blood-vessels and ducts, 
present a superficial layer of cells. 

The cells are held together by an intercellular substance, which 
may be so abundant that the cells form a comparatively small part 
of the tissue. The intercellular material is to be regarded as hav- 
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iog b«n made by the cells. lu the ease of the connective tissnes, 
it has a moi-e important funetion than the cells; while the atnoiiut 
of iQt«reellutar substance in epithelial structures is trilling. 

TELL -DrVJSlON 

The increase in the number of cells in the body may lie accom- 
plished in two ways: 

a. By direct division. 

ft. By indirtH division. 

Direct division is a process in which the cell becomes con- 
stricted and a portion of it separated from the remainder. It is 




now believed that in moat instances the separation of the proto- 
plasm is preceded by a series of changes in the nucleus. This mode 
of division is called indirect. The changes in the nucleus go by 
the name of karyokinesis, or mitosis. 



KABTOKINESIS 

The reticulum of fibers already mentioned as traversing the 
sabetance of the nuclens has an affinity for nuclear stains, and 
ita snbfitance is therefore called chromatin. During karyokinesis 
the chromatin of the nucleus undergoes a scries of coinplictited 
changes, resulting in its division into two equal parts. This is 
followed by the division of the rest of the cell. During the process 
the chromatin presents figures of great variety and intricacy. 
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The effect of these changes is to separate the chromatm mto 
masses called chromosomes. The number of chromosomes vanes in 
different species, but is probabh constant in the same species 
Fig. 29 shows the main events in karjokinesis in a diagrammatio 
manner. It represents the procesi as it otcnrs in the starfish, 
wheri! the process is less complicated than in some cases Each 




chromosome becomes split lengthwise into two halves. One group 
of halves moves to one end or pole of the cell, the other group to 
the other pole. The two groups of chromosomes give rise to two 
new nuclei. 

The separation of the groups of chromosomes is accomplished 
bj' delicate filaments, which radiate from the two poles to which the 
chromosomes are to travel. Some of these filaments meet at the 
equator of the cell to form what is called the nucUar spindle. Ths 
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rediatine; filaments at the poles of the cells pi-esent fignres which 
have been t'oiiipared Ity Wilson to the arrangeinent of iron filings 
about the poles of a horseshoe magnet. The eirele of radiating 
filaments at each pole is called the tillriirtiott-splivre, the center of 
which is the ceHtrosome. It is possible that the substauee of the 
'filaments serves to draw the chromosomes apart. Apparently the 
centrosome is to be regarded as a permanent organ of the cell. 
Its division must precede the division of the niiclens, 

The time required for cell division in man is about half an 
hour (Stohr). 

Most of the HtRf^ea in hHryokineHis lany 1ii> demoastrated iti llii» epithelial 
cells in the tail ot a yoiitiK newt or lutliitaaiidE^r tadpole. Fix in FlemminK's 
osmic Hcid or chromic -acetic solution for twenty-tour hoara; wash; stain with 
safranin or hiemnloxylin ; and, after dehydralinfc and i^learlnfi, mount in balBsm. 
Examine with oil -immersion lens, if possible. 



CLJSSIFKATW.y OF TISSPFS 

Hixtolopy, or raicroseopieal anatomy, treats of the minute 
stmcture of the tissues and organs of the body. 

A tissue is a collection of similar cells and int^reellular sub- 
stances. The principal tissues are epithelial, connective, muscular, 
and nervous. Blood is sometimes considered as a tissue. Most 
organs are made of several diflferent tissues. The following table 
shows the varieties of tissues; 

Bpithelial Tigsue [ ^l""""""- 



Conneetirr Tim 



' Mucoid. 

White KibroUK. 

Yellow ElBHtie. 

Adipose. 

Heliform {of ly 

Cartilajiinoii", 

Osieous. 
. Dentine. 

{Unstriated. 
Slriateil. 
rsrtliac. 
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EMBRYONIC DERIVATION OP TISSUES 



Ectoderm 

or 
Epihlast 



In correlating the work of histology with that of embryology, 
the student will find the following table serviceable. The table 
indicates from which layer of the blastoderm each of the prin- 
cipal tissues is derived: 

The epithelium of the skin and all its appendages and glands. 

The epithelium covering the front of the eye, the crystalline lens, 
and the retina. 

The epithelium of the external auditory canal and of the mem- 
braneous lab3rrinth. 

The epithelium of the nasal cavity and its diverticula. 

The epithelium of the mouth and its glands, the salivary glands, 
and the enamel of the teeth. 

The epithelium of the anal end of the alimentary canal. 

The tissues of the nervous system, the lining of the central canal 
of the spinal cord and of the cerebral ventricles, the pituitary 
and pineal bodies. 

AH connective tissues. 

Muscular tissue. 

The blood* and lymph* vessels and their endothelium, and the endo- 
thelium of the serous membranes. 

Blood -and lymph-corpuscles. 

The spleen and lymph -nodes. c 

The kidney and ureter. 

The ovary and testicle and their ducts, except the external ends of 
the ducts. 



Mesoderm 

or 
Mesoblast 



\. 



Entoderm 

or 
Hypoblast 



The epithelium of the alimentary canal (except at the upper and 
lower extremities), and all the glands opening into it, includ- 
ing the liver, pancreas, thyroid, and thymus. 

The epithelium of the respiratory tract which originates as a 
diverticulum from the alimentary canal. 

The epithelium of the Eustachian tube and tympanum. 

The epithelium of the urinary bladder and urethra. 



EPITHELIUM 



EpitheUum is the tissue covering the surfaces of the body that 
communicate with the external world, and lining the glands.* It 
is made of cells, held together by only a small amount of 
intercellular substance. 



*Note the exceptions in the case of the peritoneum, which Is lined by endotheliutn^ and which 
opens externally by means of the Fallopian tnbe; the thymus and thyroid glands, and the 
cavity of the central nervous system, which contain or are lined by epithelium, but do not open 
externally. 



StiUJMOirs. STRJTtFIKV, J-VO TRANSITIONAL EPITHELIUM 55 

Where a layer of epithelial cells comes in cnntnet with the 
underlying connective tissue, the deepest epithelial cella often rest 
upon a thill bas'-ntvnl tnt-mbrane. which is mo<Iified conneutive 
tissue, either stnictureless or made of flattened cellK, 

The succeeding pages will show that epithelial cells may be 
squamous or columnar, ciliated or otherwise, simple or stratified. 
These varieties of epithelium arc distributed as follows, giving only 
their most im[Kirtant locations: 



Sqaamtnis 
Epithelium 



Slmlifi.'.! 
Squamous 
Epilkelim, 



Epilheliur. 



SIralified 
Columnar 
Epilkelium 



I The alveoli of tlie lungs. 

The capsule of the Malpighian body and Ihe deeceuding limb of 
I the loop of Benlo in tbe kidney. 

The rovering of the akin, of the eye, mouth and tongue, 
pharynx, reeophngue, epiglottis, and of the nppor part ot 
(be larynx. 
The lining of the urinary tract from the pelvis of the kidney 
down (eieept pnrt o( tbe nlTile uretlinv), most of it bping 
of the Bpecial VEirlety of elrutified xquaniouH epithelium 
known as Iraaailional . 
The lining of the vagina. 
[ The alimentary canal from the beginning of tbe litomaub to the 
I lovrer part of the rectum ; the duels of lla glands anil of 

I many other glands; tbe seminal veaiclea, ejaculatory ducts, 

I and part of the male urethra; the surface of the ovary. 

il in ciliated in the uterus and Fallopian tube, Ihe central canal 

I of the Bpinnl conl, and the cerebral ventricles. 

It is eiUat«d in the most important situations: Tbe traobok 

and bronchial lubes, tbe Eustachian tube, tbe upper part of 

the pharynx, the lower part of tbe nasal cavity, the vm 

deferens. 



SlirAMOllS, STRATIFIED. AND TRANSITIONAL EPlTHELfUM 

The simplest method of tissue production by means of flat cells 
is that of superposition, oonstitutiug sqaamoits epithfiium. Cells 
are placed one over the other, generally without great regularity. 
If regular, and in several layers, the structure is (tailed stratified 
epitlielium; if only iu a few layers, it is termed transifloital epithe- 
lium. The superficial layer of the skin affords an example of 
Bqaamous, stratified epithelium. The bladder and pelvis of the 
kidney are lined with transitional epithelium. 

Tbe thin, flat scales from the mouth may be demonstrated by 

KTttping a drop of saliva from the tongue with the handle of a 

I •scalpel, transferring it to the slide, and applying the cover. Tba 
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size of the drop of saliva should be carefully adjusted so as to fill 
the space between the cover- glass and slide. Too little will cause 
the cover to adhere so tightly to the slide as to pi*ess the cells out 
of form; too much, and the saliva flows over the cover and soils 
the objective. With a glass I'od place a drop of the dilute eosin 
solution on the slide, and with a needle lead it to the edge of the 
saliva. The dye will pass under the cover slowly, and whatever 
anatomical elements there may be present will be gradually stained. 
Observe that the nuclei of the flat scales first take the dye and 
appear of a deep pink; while the other portions are either colorless 
or very lightly stained. 

Find a typical field and sketch it with a pencil, afterward tint- 
ing with dilute eosin. 

An admirable view of the surface of a squamous epithelium may 
be had by using the superficial layer of the skin of a frog, which is 




Fm. HO. Si^UAMous Epithelial Cells from the Mouth. 

often shed when the animal is kept in confinement. It may be 
stained with hematoxylin; and small pieces, after alcohol and 
clearing, may be mounted in balsam. 

PAVEMENT EPITHELIUM 



When thin, flat cells are disposed in a single layer, like tiles, 
the epithelium is termed Kimi)le squamous, pavement, or tessellated. 
These cells are often quite regularly polygonal (although this 
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obtains more frei^nently with tissue from the lower animnls), and 
they are always coDuected by their edjjea by ineaQS of an albumi- 
nous cement. 

Sach a simple squamous epithelium is found in only a tew 
' locations. The most important are the alveoli of the lungs, th6 




eapsule of the Mnlpiehinn body of the kidney, and the descending 
limb of the loop of Heiile in the kidney. Heen from the surface, 
stratified or columnnr cpithdinm nppfnrs like pavement epithe- 
linm. 

coLT^MXAK f:pithklh-m 

Columnar cells are-found, generally, throughout the alimentary 
and reapiratorj- tracts, except near their external openings. They 
also line the eerebnil ventricles, most of the uriniferous tubules. 
Fallopian tnbes, -the utenis, etc. This epithelium is quickly de- 
stroyed after death, and is difficult of perfect demonstration, 
except in an animal i-ecently killed. 

Procure from the abatlrtir a portion of the small intestine and 
bronchus of a pig, and with the curved Bcissors snip out small 
pieces from the mncoiiH surface of each. Macerate iu one-sixtli jier 
cent, of chromic acid for tweuty-fonr hours. 

Place a piece of the ^it on a slide, and, after having added a 
drop of the acid solution, scrape off the mucous surface with a knife 
md remove the remainder of the gut. Add a cover-glass, and 
focas (H). You will find cells in various conditions, from isolated 
examples to small groups like Fig. 112. 

Observe that the attached ends of tlie cells arc oft«n small and 
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poiated, and that spheroidal and ovoidal cells are frequently wedged 
in between them. Note the free border: it consists of strife, and 




is separated from tlie body of the cell by a translncent line. This 
appearance is also that of the epithelium in the hnmau intestine. 




r Pio (X «00). 
Cilialrd Colunnuir EpithfUum 
Prepart^, by surapinp, a slide from the mucous surface of the 
pig's bronchus (which has been macerating in the chromic acid) 
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Observe the cilia on the free border of the cells. Interspersed 
betweea ciliated cells, much -enlarged individoals may he found — 
tbe so-called beaker, goblet, or mucous cells. 

The motion of the cilia may he demonstrated as follows; 

Carefully open an oyster so as to preserve the fluid. On exam- 
ination you will notice the gills, shown in Fig. 34, commonly 




r Fin. 31. 



ealted the heard. With the scifsors snip off a fragment of the fi-ee 
Ijorder of this lieard, add a drop of thu liquid from the oyster, and 
tease with a pair of noedlps. Apply '!"> cover, and focus (H). 

At first the individnal cilia cannot lie demonstrated on account 
<A their rapid vibration. After n few momenttt, however, tbe 
■otJOQ becomes less energetic, and the hair-like appendages of the 
cells are to be plainly seen. 

fil.ANDl'LAR EPITHELIUM 

Scrape the cut surface of a piece of liver; place the scrapings 
on A slide; add a drop of normal salt solution (ttV/c formulfp) ; mix 
with a neeiUe. and put on tbe cover-glass. 

With H observe, among th's numerous blood -corpuscles, fat- 
globoles, etc.. the polyhfdrnl IhfrrfUit, al>ont twice or three times 
the diameter of a white blood -corpuscle (Fig- 35). Notice the 
Urge spherical uuelei, with nucleoli. Note, also, the yellow 



; 
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pigment- granules and the fat-globules in tlie body of the cells. 
Masses of these cells resemble somewhat pavement epithelium; they 
are not flat, but polyhedral. 

Em}OTHEIJVi[ 

Endothelium resembles simple squamous epitheliam in appear- 
ance, and it is called epithelium by some histologists. 

Endothelium forms the superficial covering of the pleural, peri- 
cardial, aud peritoneal cavities, the tunica vaginalis, and the joints. 
It covers the membranes of the brain aud spinal eord, the inner 
surfaces of the lieart, and the blood- and lymphatic vessels. 
Therefore endothelium lines the cavities that do not communicate 
with the external world.* 

It consists of a single layer of thin, flat cells, held together by a 
small amount of inten^llular substance. It is demoDStrated best 
on fresh tissues, hence the human subjeot is seldom available. 

The mesentery of the frog affords a good example of endothelial 
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Btmctnre, and differs but little froin the arrangement on hnman 
serous fiurfaL-es. 

Kill a lai-fp^ frog by decapitation, and open the abdomen freely 
by an incisinii along the median line. Pull out the intestines by 
grasping the stomaeli M-ith the forceps. This will expose the small 
intestine, which you will remove, t<jgi.'ther with the attached mes- 
enlerj", by means of quick snips of the ecissora. Work as rapidly 
as possible and avoid soiling the tisane with blood. Throw the 
pit into a saltJ^ellar filled with silver solution (n'rfe formnlsp), 
TTliere it must remain for t*n minutes covered from the light. Lift 
the tissue from the solution by means of a strip of glass (or a 
platinnm wire), and throw into a saneer of clean ( preferably dis- 
tilled) water, changing the latter repeatedly fur some minutes. 




Wte\t\ hiiTv heea brousht out by Ihs urmlne. MlnaU 

B. A blcwd-emplJInrr lermlnilini bslowin in ulariola. Tha i 
H >ho«tn( both \nm ot lbs rrlli. Thedeemr re^ 
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After washing:, and while yet in the water, expose to sunlight 
(perhaps fifteen minotes) until a brown tint is acquired, which 
indicates the proper staining. 

The niesenter}' has been left connected with the intestine, so 
that the former might not curl. The preparation having l)een 
dehydrated with alcohol, and haNnng reached the oil of cloves, pro- 
ceed with a pair of scissors to snip off a smaU, flat piece of meseu- 
ter>'. Remove it to a slide and mount in balsam. The omentum 
of a rabbit, cat, or dog may be prepared in a similar manner. 

The outlines of the endothelial cells appear as dark lines where 
the silver has stained the cement -substance. These lines are often 
tortuous and serrated. The nuclei are not seen, unless they have 
been separately stained with carmine or some other nuclear dye. 

Openings called siomain occur on the serous surfaces, which 
connect the cavities with underl\-ing lymphatic vessels. The 
stomata occur at the points where several endothelial cells meet. 
The opening is sometimes surrounded by several small, granular 
cells, called "guard cells." Changes in the size of these cells 
modify* the size of the stomata. 



COXXECTirE TISSUES 

Certain elementarj' structures of similar origin and mode of 
development, and serving alike to unite the various parts of the 
body, have been termed connective tissues. Custom has restricted 
the term, in its everjday emplojTnent, so as to apply to white 
fibrous tissue, or, at least, to tissue which always resembles this 
more closely than any other. 

WHITE FIBROUS TISSUE 

This, the connective tissue par excellence, is composed of exceed- 
ingly fine flbrillf? (only 0.6 /* in diameter), which are aggregated in 
irregularly sized and vjiriously disposed bundles. It forms long 
and exceedingly strong tendons connecting muscle and bone; its 
' fibers interlace, forming the delicate network of areolar tissue; it 
forms thin sheets of protecting and connecting aponeuroses; or, 
supporting vessels, it permeates organs and sustains the paren- 
chyma of glands. 

The fibers are held together l\v means of a transparent cement. 
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may Iw softened nr diaaolved in auetic acid. They may 
exist, as in dense teudons. without nditiixtiirc. 

Cells are found botwt'eu the bundles of fibers, known as con- 
nective tissue corpuscles. The older and more dense the structure, 
the less frequent are these cells; while in young connective 
tissue, stained, the nuclei of the eorpnseles eonstitute a promi- 
nent featunn of the specimen under tiie miproscope. 

Having obtained a piece of tendon from a recently killed hul- 
lowk, tease a fragment on a slide in a few drops of water. Select a 




portion which splits easily and separate the fibrils as much as 
possible. Cover, and examine (H). 

Fine, wavy fibers are seen composing the fasciculi. If the 
dissection has been sufficiently iniuute, you may succeed in demon- 
strating ultimate fibrillte. These are best made out, as at C in Fig. 
37, where the parts of a bundle have been separated for some dis- 
tanec, leaving the finer elements stretching across the interval. 

YELLOW ELASTIC TISSUE 

This tissue consists of coarse, shining fibers (averaging about 8/1 
in diameter) which frequently brunch and anastomose. They are 



STUDEXT.S HISTOLOGY 



Fia. 3S. Tbabid Yellow Elaki 




Fla. 39. TuNHVERs 

B. SbutharthaUsunsut. I 

Lto irrPiaUr bandies or fnKli^nll, 

L. LTmph-spjKeii In (h« ooiiDevtlve \\i 
A. Adlpoie tIroDO In the ahcmh. 
V. Blood-va<»Iii In Irnniivenie ivrtlnn. 
E, E. Primitive rasetcull ot rolJow c)<l 
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highly elaBtie. Under the microscope the fibers are colorless, bat 
wbeii aggregated, as in a ligaiueut, the mass is yellow. 

Proeiu-e a small piece of the UgameHiHm nuduE of the ox, and 
teaSe it on the slide after it has been maeerat«(l iu acetic Rcid for 
a few moments. The aeid softeus the fibrons connective tismue and 
faeilitates the teaming process. 

The individual fibers having been isolatcil, they npiteur as in 
Fig. 38. When broken, they eurl upon themselves, like threads of 
liniia rubber. 

This tissue is variously disposed throughout the body where 
great strength with elasticity becomes necessary. Tiie large 
arteries are abundantly supplied with elastic fiber, arranged iu 
plut«E, in eltematioD with muscle. As a network, it is mixed with 
connective tissue in the skin, aud in membranes generally. It coii- 
tribnt^s elasticity to cartilage where the filters form an intricate 
network. 

Ligaments are composed largely of yellow elastic tissue. Pig, 
39 is drawn from a portion of a staiueti transverse seetion of part 
of the ligamentii Hubftana. 

A strong nhriiHi of fibrous tisane is thrown around the wholu 
ligament, a p<^irtion of which is seen at S. This sheath i^ends pro- 
longations, T, T, into the structure, dividing it inlo Irregular 
bnudles, which support nutrient vessels. The elastic filers seen iu 
traDsverse section, as at E, E, are observed strongly l>ound together 
with fibrous tissue, which penetrates the smnllfr fascii'uli, dividing 
them into the ultimate JibrilUe. 

ADIPOSE tissit; 

Adipose or fat tissue is a modification of urul development from 
ordinary connective tissue. 

It originates iu certain contiguous connective tissue corpuscles 
becoming tilled with minut« fat-globules. These ultimately coa- 
lesce aud form single large globules, which bulge out the eell-lxtdies 
until they Iwcome spheroids; the nuclei ot the same time are dis- 
placed 1o the ])eriphery. An aggregation of such celli* forms a 
lobule of adipose tissue. The cells are often so closel.v pueked as 
to assume a polyhedral form. From malnutrition, this fal may be 
absorbed, ordinary connective tissue remaining. 

Yon will l>ear in mind the fact that wheuever fat exists in a 
Condition of minute subdivision, the piirticles always assume tho 
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CARTILAGE 



l^obntftr form ; and that while adipose tissue pontflins fat, fat 
alone ia not adiposi' tissue. 



Cartilage consists of ii dense basis substance, in which cells or 
corpi'sdi's are iiubcilded. It pn'si-nts tliiTc forms: 



HVALIME CARTILACiE 

The matrix of hyaline cai-tilage is tiansliieeut, dense, and 
ap)>areutly stnictuivless. MinnI* channels in eertniu iustanees 
and delicate flbrill^ in others have been demonBtrated. The snr- 
fuce of the eartilage is surrounded by a fibrous envelope, calleil 
the jtfrirhotuirium. 

The basis material contains exeavatioas, generally Hpherical, 
ealled lacuna. They appear to be lined with a membrane, and 




Fig. 42. Sei-ik 
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eontaiu one, two, three, and perhaps as man.v as eight cells — 
the eartilafff-cor]>usrltx. The matrix around the lacuna is called 
the captuh. It diflfers from the rest of the matris and creates the 
tppearance of a membrane surrounding the lacnnfe. 

Hyaline cartilage is found covering joints generally, where it 
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iij termed articalar cartilage. It is also found' in the trachea, the 
bronchi, the septum uarium, etc. 

Pig. 42 shows a section of hyaline cartilage from one of the 
rin^ of a large bronchus. 

FIBRO- CARTILAGE 

Fibrous connective tissue, predomiuatiug largely in the baiiis 
Kuhstauce, produces a structure of great strength — fibro- cartilage. 
The intervertebral dii<ks afford an example of this variety, from a 




section of which Fig. 43 has been drawn. The fibrous tissue is a 
ver>' prominent feature of the ground substance. 

ELASTIC OR RETICCLAR CARTILAGE 

As the name implies, yellow elastic tissue is an important ele- 
ment of the ground-substance of elastic cartilage. It presents 
the form of a reticulum, as sliowu in Fig. 44. It is not esten- 
sively distributed in the human being, although the cartilagcB of 
the external ear, Eustachian tube, epiglottis, etc., are of thi.-; 
variety. 

Cartilage should bo hardened by the chromic acid and alcohol 
process. The si-ctions from which the iihistrations have been 
'drann were cut without the microtome. They should be cut 
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extivniel.v thin, but not ueceasarily Itiigo. We frequently sucueetl 
ill getting gond fields from the thin edges at se^ttions whieh niay 
be elsewhere too thick. Stain with ho'matoxyliu iiud eosin. The 
differentiation will be excellent. The delicate imtritive chsiiueld 
iu the matrix cdmieeting the laeunee may lie demonstrated in the 
cartilage of the sternum of the newt ; the xiphoid appendix is 
suffieieiitlv thin without sei'tioninfir. 





Bone consists of an osseous, lumellat.ed matrix, in which occur 
irregularly -shaped cavities — t(wunte. The latter are connected by 
mciinB of exceedingly fine channels — canaliciilL The lacnnte con- 
tain the bone -corpuscles, the bodies of which are projected into 
the canaliculi. 
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In compact Iioue, tbe Wood-vessels run in a line parallel with 
the long axis of the bone, in branching iuosciilnting trhannels 
(averaging about 50 m In diameter) — the Jtavfriiiini niiKilx. The 
lamella' of osseous tissue are arranged eoneentrienlly ai-ound these 



■j^W 
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i-aiiiils. A isingli' lliiversinn cuiiiil, and tbe lamella" gnrnmodiug 
and Moiigiiig to it, ronstitut<? a Haeetfidn xyxtmi. 

The lamelli¥ beneath the periosteum are not arranged as above, 
but parallel with the supfaee of the boue. These plates are per- 
for«ted at a right angle nod nbliqnely by blood-vessels from the 




periosteum, as they pass on their way to the Hiivei-siim lanaltt. 
These lauielltp are also perforated by partly eah'ifled eouueetiva 
ti&siie — the ptrforaliiuj fibern of Sharpey. (Pig. 47.) 

A Haversian canal contains (Fig. 4S) an artery, a venule, 
lymph-chantiels, and a nerve-fllitmcnt. The whole is supported 
by connective tissu.' cells with dcli<-iitc pti)cesses. The walla 
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of tbe lymph-spaces are prolonged into the eaimlieuli, ami 
thus plaeed iu eouuection with the elements of the surrouadiujr 
lacunar. 

Each laenna contains a bone-corpnsele, the protnplasinic hoily 
of which sends proloiigHtioits into the contiguous cimalieali. Iu 
the adult bone the eell is shrunken, and the processes just .men- 
tioned are not i-eadily demonstrable. 

The caualiculi of any Haversian system coinmuni<«te with one 
another, but not with those of different systems. 

The eoueeutrieaily pW-ed lamella* around the Haversian eanal» 
are called Haversian Uittiellm. The angular area formed wheri> 
teveral Haversian systems join is filled out by intfrstitial lamrUn. 




A, A. OTonnd-«nb»t»B™ of 
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while those lamellie mentioned above as occurring just below thi- 
■periostemn ai-e the rirruuifereniial or fundanieiitnl himdlie. 

The arrangement of Haversian canals and their coneentrif* 
lamellff is (■onflued to compact bone. Compact bone is formed on 
the snrfaee of all bones, and makes up the bulk of the shaft in longr 
bones. The other vai-iety of bone, called cancdloHs or 8p<mg!f, 
occurs extensively at the ends of long bones, and iu short and flat 
boues. It consists of lamelhii containing lacuntp and canaliculi, 
lyiug between good sized cavities, whieh are occupied by blood- 
vessels and marrow, and which correspoud to Haversian canals. 
Bone is to be regarded as dense connective tissue, arranged iu 
laraellfe, of which the ground-substance is impregnated with salts 
of calcium, chiefly the phosphat*, to wbii'h its harduess iy due. 

At the same time, bone retains the elasticity and strength of 
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connective tissue, whit^h <Ustiugiiisli it from a structure that has 
merely been calcified, as may bappcu id certain disease processes. 



PERIOSTF.rM 

Tlie surfai-e i»t' hniii- i» covei-ed by an envelope (dialled pfrioxteum, 
which has two layei* — a dense, out^r, fibrous layer and a looser, 
inner, vascular layer. The inner layer contains the cells, i>stfiAUist», 
which form osseous thsHe, hence this layer is called the osteor/ftiflic 
layer of the periosteum. In operating on bone, surgeons guard the 
periosteum very carefully, on account of its blood-vessels and its 
osteogenetic elements. 

M.ABROW 

The spa*w6 of bones oi-e eveiywhere filled with marrow. The 
largest of these spaces are the medullary cavities of long bones. lu 
the medullar^' cavities the marrow is yellow, owing to the deposit 
of fat in the cells. The smaller spaces of bone ore filled with red 
marrow. Red man'ow contains marrow-relh. which ai-e similar to 
connective tissue cells, supported in a very vascular connective 
tissue framework, The marrow cells are identical with the osteo- 
blaslji of the periosteum and with boue-corpuscles. Immense cells, 
f/iant cells, containing many nuclei, also occur in red marrow. On 
account of their fuueti<in of ubs<n-bing siiperflnons boue, they are 
called osieorlasts (Pig. 50). Red maiTow also contains nucleated 
cells, tinged with ho'mogliihiu , that are connei-ted with the forma- 
tion of red blood-corpuscles, which probaldy takes place exten- 
Bively in the red marrow, 

DEVEIX)PMEXT Of BOXE 

The majority of the bones of the body are first formed in the 
embryo as hyaline cartilage, which is subsequently replaced by 'true 
boue — endimhniidrid onsifii^afioH. 

The I>ones of the face and of the vault of the cranium and a 
portion of the lower jaw are the principal exceptions — intramem- 
(ntNOua oHsifieuUim. In the latter ease, the basis of the formiug 
bone is an embrytmie fibrous lissne, and this fonn of ossification 
differs from the endochondral in not being carried on in a carti- 
taginons basis, whicJi is, however, a temporarj' structure. 
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(n) In the cjise o( endnchoiidrnl lione, tbe comineneement of 
OBsifiisatioii is iudipated by the fulargenieiit of the cartilage -ci^ lis 
and their arrangement into vertical rown. This takes place at a 
point called ih^ crnter of ossijifiation . (Ii) Tlie matrix l»etweeu them 
l)cconiea calcified, (r) Prom the surface of the bone, which is 
covered by a membrane corresponding to the pcHostenni, processes 
extend into the eartilago. ((/) The cartilage is absorbed to make 
i-oom for these processes tlu-oiigh the agency of the osteoclasts 
. (see Fig. jO). (e) The absorption proceeds until it includes the 
region of calcified cartilage. (/) The osteoblasts, which have 
accompanied the periosteal ingrowth, arrange themselves on the 
snrfae* of the spaces resulting fn)ra absorption of the cartilage, and 
form layers of bone. {;/) At the same time the osteoblasts of the 
ost«ogenetic layer of the periosteum form layei-s of bone lienentli 
the periosteum — prruixti^al ossijicutiim. 

Tlie first bone formed is soft and spongj". It will be obser%-ed 
that as ossification proceeds the whole of the cartilage will Iw 
absorbed, except that at the epiphyses. In the course of the 
growth of the individual, the network and spaces of Ihe origi- 
nal spongy hone undergo considerable ii'arrangenieni. Haver- 




siau systems result from deposition of successive layers of 
lamellte around the spaces of siKingy bone, from without inward, 
leaving a channel at the center, which is llie Hnvei-siau canal. 
The medullary cavity is produced by the absorption of the centrnl 
part of (he bone, while uew layers continue to fonri under tile 
periosteum. 
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Pig, 46 Las been drawn from a section of dry bone whicli has 
Wu sawn us thin as possible, and afterward inibbed down on a 
boiie with watt;r. It is a tedious process, and shows little but the 

ouB matrix. Bone should be decaleifled for ■ mJerosoopieal 
work, and it may liien be readily cut in thin sections with a razor. 
The protiesa is as follows: 

To 100 e.c. of the dilute chromic acid solution add 3 c.c. of 
C. P. nitric acid. The bone, previously divided into slices not 
over one-half eeutimeter in thickness, is then placed in the fluid, 
KOd should be completely decaleifled in a week or ten days. 
Examine the pieces after twenty-four hours by puncturing with a 
needle. Shonld the ni-tinn pmceed too slowly, a<ld n few drops 
more of the nitric acid from time to time. The bone eventually 
takes on a gn>on color. Afli'r complete decalci&c-Mion, wash the 
pieces for twenty-four hours iu clean water, and preserve them, 
nntil required, iu 80 per c^ent. alcohol. Small pieces of yonng 
bone may be decaleiSed in a saturated aqueous solution of picric 
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acid. The process is slow, but it leaves the tissue in excellent 
condition. 

Sections cut in the usual way may be stained with carmine and 
picric acid, and examined in a drop of glycerin. They should not, 
after the staining, be placeil in the oil of cloves, as they would curl 
and become hard. Transfer them to equal parts of glycerin and 
water, from which they are to be carried to the slide. Add a drop 
more of the dilute glycerin if necessar>' and put on the cover -glass, 
carefully avoiding air -bubbles. If you desire to make a perma- 
nent mounting, the edge of the cover must be cemented to the 
slide. 

Thoroughly wipe the slide around the cover with moistened 
paper, until every trace of glycerin is removed. Then with a sable 
brush, paint a ring of zinc cement {vide formulae) around the 
slide just touching the edge of the cover -glass. Repeat the 
cementing in twenty-four hours. A turn-table will be a useful 
aid in this work. 

SPECIAL COyXECTIFE TISSUES 

Coimertive Tissue of the Lymphatic Sysstem. — The matrix of 
lymphoid or adenoid tissue consists of a network of fibers and 
cells, which support the lymph -corpuscles. It is distributed ext(»n- 
sivcly in organs, and whei-e it appeal's in stained sections, the 
lymphoid cells are so numerous as to obscure the reticulum almost 
entirely. The structure will be minutely described in connection 
with the lymphatic system. 

Knihryonic Cofnucfive Tissue presents a homogenous, inu(?oid 
matrix containing branched cells. It is not found normally in the 
adult. The jelly of Wharton of the umbilical cord is mucoid tissue. 

m 

MUSCULAR TISSUE 

This tissue is found in three varieties: 1. Non -striated, smooth 
or involuntary. 2. Striated, skeletal, or voluntary. 3. Cardiac. 

NON- STRIATED MUSCLE 

The histological element of non- striated mnscle is a spindle - 
slia]>cd cell from 4r)-22r> /i long and 4-7 fi broad. The cell ])ody 
presents longitudinal stria\ and contains an ovoid nucleus. The 
nucleus contains a i*eticulum which is probably in connection with 
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the flbrillaB, which produce the longitudinal striation of the body. 
The cells are not infrequently bifid at one or both exti'emities. 
A transparent cement substance serves to unite these cells in form- 
ing, with connecting tissue, broad membranous plates, bundles, 



Pig. 52. Non-striated Muscle. (Schafer.) 

A. Complete cell. 

B. Broken cell. 



plexuses, etc. It serves to afford contractility, especially to the 
organs of vegetative life. 

Kill a good -sized frog by decapitation, and open the abdomen 
on the median line. Fill the bladder with air, after the introduc- 
tion of a blow-pipe into the vent. Remove the inflated bladder 
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with a single ent with the curved scissors, and place it in a fiancer 
of water. Proceed to brash it, under the water, with two camel's- 
hair pencils, so as to remove all of the ceils from llie inner surface. 
It will bear vigorous rubbing with oue of the brushes, lioldiug it 
at the same time with the other. Transfer to aleohoi for ten 
minutes, and afterward stain with hBeinatoxylin and eosin. While 
in the oil, cut the tissue into small pieces, and mount flat \i\ 
balsam. Examine with L and H. 

Observe the bands of involuntary muscle erossiug in varions 
directions. You will distinguish between the muscle and the con- 
nective tissue cells by their nuclei. 



STRIATED MCSCULAR TISSUE 

A skeletal or striated nuisele consists of cylindrical fibei-s, varj- 
lug from 10 F to 100 ft- in diameter and 5 to 12 era. long. These 
primitive fibers are supported liy a delicate, transparent sheath— 
the sureiilemma. They are aggregated, forming /^nmiVjie fasriculi, 
which are again united to form the larger bundles of a comjilele 
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muscle. The connective tissue unitiug the primitive fibei-s is 
termed eiulomysium ; while that unitiug the primitive bundles in 
the perimysium. 

The primitive muscular fibers exhibit marked cross striatiomt 
with faint longitudinal markings, the former being produced by 
alternate dark and light spaces. 
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Under verj- high magnification each light band appears to be 
crossed by a dark line, called the intermfdiate disk or membrane of 
Eranse. The dark band consists of rows of spindle-shaped bodies. 




Those of the different dark bands are placed end to end, forming 
continuous elements. They constitute tlie contractile fibrilla. 
The light bands correspond to the attenuated ends of the spindle- 
shaped bodies. Little knobs on the ends of the spindles make 
the dark line called the intermediate disk. The fibrillfe are 
held in bimdles by a pale sarcoplasm. In transverse sec- 
tions of muscle these bundles show as polygonal areas — Cohn- 
heitn'x jivldK. 

Macerate human muscle, pi-eferably that fi-om the tongue, in 
dilute chromic aeid for twenty-four hours, wash, tease in water. 
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cover, !ind focus with H. Fig. 54 was drawn from such a 
preparation. 

The sarcoleiitma is best seen where the contractile substance 
has been broken. The muscle nuclei are seen at various poiuts 
beneath the sarcolenima. Portions of a fiber have been split off 
transversely in places, indicating the dish of Bowman. The 
fibrillfe are indicated where the fiber has been split longitudinally 
■during the teasing. The capillaries are arranged in a direetiou 
parallel to the fibers, with frequent transverse connections. 

CARDIAC MUSCULAR FIBER 

It presents the following characteristics: 

1. The fibers are smaller than those of ordinary skeletal muscle. 

2. They arc striated both transversely and longitudinally. 

3. They branch, forming fi-equent inosculations. 




4. They are divided by distinct transverse lines into short cells. 

5. Their nuclei are situated within the fiber. 

6. They present no distinct sarcolemma. 

Notice the groups of yellowish brown pigment -granules within 
the muscle-cells close to the nuclei. Fig, 55 has been drawn from 
fresh cardiac muscle, teased in normal salt solution aud tiuted 
vitb eosin. 
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SKBVOrS TISSrKS 

Pollowiiisr the order given in the t'lassification of tissnes. the 
nervous tissues should be stiKlied at this point. But in laboratory 
work it will be found more satisfactory to (.-onsider them in con- 
nection with the histology of the central nervous system (see 
page lilfi). 



The hutnnu red blood -eorpusde 13 a flattened, bi-concave disk, 
circular in outline, and from 7 ^ to 8 ;< (Wira inch) in diameter. It 




presents a masa of protoplasm destitute, as far as the microseope 
sfaows, of nudlei, cell-wall, or any utructure whatsoever. 

Certain changes in form result, after i-emoval from the eircula- 
tiou, vis, ; 1. They nmy adhere by their broad surfaces forming 
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columiis. 2. From shrtiikii^ they may become orenated. 3. Stil! 
fiirthei" aliriiikuge produces the chestnut- buiT appearan<ie. 4. 
From absorption of water they may swell irregularly, obliteratiug 
the concavity of one side. 5. From continuous absorption they 
swell, forming spheres which are finally dissolved. 

Wind u twisted handkerchief tightly aronnd the left ring-finger, 
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prick the end with a clean needle, and squeeze a minute drop of 
blood on a slide, add a drop of salt Bolution, cover, and focus 
with II. 

Observe: 1. That considerable variation in eize of the red 
blood-corpuscles exists. 2. The color — a delicate straw tint. 
3. That the concave centers of the corpuscles which lie flat can hv 
made to appear alternately dark and light according to the focal 
adjustment. 4. That the concavity is also demonstrated as the 
corpuscles are turned over by the thermal eurrenfas.* 



BLOOD- PLATES 

Minute corpuseidar elements in the blood, about one-fourth the 
size of the red disks, exist in the pi-oportion of about one of Ihc 
former to twenty of the latter. They are colorless ovoid disks, 
and are regarded by Osier as an essential factor in the coagulation 
of the blood. 

Prick the thoroughly cleau finger with a needle. Over the 
puncture place a drop of solution of osmic acid (one per cent.), and 
squeeze out a minute drop of blood, so that, as it flows, it is covered 
by the acid solution. This fixes the anatomical elements, provid- 
ing against further change. The blood, as soon as drawn, must, 
with the acid, be immediately transferred to a slide and covered. 







WHITE DLOOn-CORPrSCLEU 83 

f'To provide against evaporation, run a drop of sweet oil arouud the 
ed(fe of the cover. 

The blood-plHles may be found, after careful search, bearinfp 
the relation to tlie red eorpuscles seen in Pig. 58. 



WHITE OR lOLORLESg BIX)OD- CORPUSCLES 

The white blood -corpuscles are also called hucoeytfg. In fresb 
preparations they are seen to be perfectly colorless, nearly spherical 
cells, often slightly gnmular. The nucleus is distinguished with 
diffieulty nnless reagents are used. The leucocytes are not all of 
the same size. The larger ones are the more numerous, if they 
are watched carefully, the larger ones may be observed to change 




rta. 58. HlKAM Blooi 



their shapes slowly. This movement is a property belonging 
to their protoplasm called amo-hoid movement.* Portions of 

I Uie protoplasm are slowly extended outwai-ds, making projections 
called paeudopodia, which may Ijp'drawn in again. By means 

[ of this movement the leucocytes can travel slowly from one part 

1 of the field to another. They are more active when the Hlide ie 

I warmed slightly. 

Tbt AniFbi li an sitrfiiii-lgr •Imple nnle 
wntCT of pondt. It 1i iHUBUy murh lure* 
It li ordlnsrlljr eery u-tivr unci HilJy trr 
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The leucocjles, especially the larger ones, are of great impor- 
tance in pathology- in connection with inflammation and the forma- 
tion of pus. The large leucocytes furnish the great majority of 
the cells in ordinary pus. The smaller leucocytes are about the 
size of the red corpuscles; the larger ones are about 13 fi in diam- 
eter. The leucocytes are very much less numerous than the i*ed 
corpuscles. The ratio to the red corpuscles varies from 1 to 500 
to 1 to 1,000. The leucocytes become more numerous a few hours 
after eating. 

In order to study the leucocytes more carefully, they should be examined 
in dried and stained preparations, with an oil -immersion lens if possible. 
Square cover- glasses are used, which need to be clean and perfectly free 
from dust. They should be handled with forceps. Having cleaned and dried 
the skin of the finger, puncture it quickly with a clean, sharp needle, using no 
pressure. A drop of blood should be allowed to issue. Wipe away the first 
drop, and use the next, which should be no larger than a pin's head. Apply 
the surface of one cover- glass to the summit of the drop. Let this cover- 
glass fall on the other at the angle shown in Fig. 59. The blood is spread 
between the cover- glasses in a thin film. Quickly draw them apart, without 
lifting. The film of blood dries immediately. The object is to spread the 
blood on the cover-glass in a thin film within a few seconds after it leaves 
the capillaries, before coagulation or changes in the shapes of the cells can 
occur. 

To fix the preparations they should be placed in a mixture of alcohol and 
ether (equal parts) for half an hour; or they may be subjected to dry heat 
(110° C.) preferably for half an hour or even longer. 

There are many methods of staining. Much can be done with the ordi- 
nary heematoxylin and eosin stain. Very beautiful results can be obtained 




Fi«. 59. Manner of Placing Cover-glasses. (Cabot.) 



with combinations of aniline dyes; for instance, eosin and methylene blue: one- 
half per cent, solution of eosin in sixty per cent, alcohol three minutes; wash; 
dry, by pressing between two pieces of filter paper; strong watery solution 
of methylene blue, one minute; wash; dry; balsam. 

The very large nucleated red blood -corpuscles of the frog and newt should 
be stained in this manner. 
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O Miuljrthe leucopyli-s of human blooU after ltxBtioD,|i>vFerably wlrh heat, 
i Ilie Elxrtieh tricolor atoia [p. 32) for five luinntc-B ; waih, dry, tnnunt 
L tn balmni. TLe red corpascles are Bluined onuig«-;el1o«r to bronn. The 
f vaeM of the leucocytes are stained green. 

The Elirlich method of st^iniug shows us that the leucoeytea 
L*re of several kinds. Some have large, round nuclei; others 
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have nuclei that art- ilislort«d or tliat nppear to be in several 
I parts. Some have stained granules in their protoplasm; others 
Mve no granules. The nature of the granules and their afBiiities 
[ tor the aniline dyes have l>een described in the chapter on staining. 
[ The grannlei* in the ieueoej-tes of man are of two sorts: («) Neu- 
[ trophile granules, very small and nnmerous dust-like granules of 
[ ft reddish brown color; the leueocjies containing them look an 
I though they had been sprinkled with red pepper. (A) Eosinophile 

granalet* — good sized, round, shining granules, not so nuniemus 
J in the cells as the last. 

These chHractera enable us to classify leucocjles as follows: 
1, SntfiU lymphocytes, which have a large, round nuideus and a 
I thin band of pmtoplasiu with no granules. They are the same as 
I the lymphoid celts of the lyropli-nodes and lymph from which they 
k orifcinate. They make twenty per cent, to thirty per c^t. of all 
[ leneocytes. 

Largf Igmphocytes, or Inrgc mononuclear leucocytes. They 
I faftve a round or indented nucleus, nud a cousidcruble amount of 
I protoplasm, without granules. Those with indented nuclei an) 
fr^ten known as fifinsttioital fonns. The large lymphocytes 
WBOt Domerous — four to eight per cent. 
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3. Polymorphonuclear neuirophiles (often called polynuelear). 
The nuclei are much indented, or even seem to exist as several 
different parts. They contain immense numbers of fine neutro- 
phile granules. They constitute the majority of leucocytes — sixty- 
two to seventy per cent. 

4. Eosinophiles, which have polymorphous nuclei and eosino- 
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Fig. 61. Mixing Pipbttbs. (Cabot.) 

A. For red blood-corpuscles. It is the one referred to in the text. 

B. For white blood-corpuscles, where,the dilution is not so great. Weak aoetie acid is ui«ed 
a diluting fluid, which decolorizes the red corpuscles so that the white eorposeles alone are 



phile granules. They are of great importance in some of the 
diseases of the blood. The proportion of eosinophiles is from one- 
lialf to four per cent.* 



*Tha percentacM given are quoted from Cabot: Clinical Examination of the Bloo<*, to which 
la Vftfarred for farther information on this subject. 
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In disease the perceutnges ahovi? given are subject to niueh 
\ Tat-iation. 

Cells that contain basophile graiiulcB are otwasionall.v seen in 

f normal human blood, as well ag in disease. Their signiflcanee is 

I Hot understood. They are not demonstrated by the Ehrlieh tri- 

\ eolor stain. They are easily fonnd in the blooil of the Amphibia, 

by staining with basic dyes. 

There is some reason for believing that the IjTnphocyte is the 
' youngest form of lencoeyte, and that the other varieties are 
developed fn>m it in snecesHion while ein-ulating in the blood- 
ehannels. 

EXl'MEpATIOS OF BLOOD - roBPVSfLES 

The number of blood -eorpuscles iu a cubic millimeter of blood 
may be determined quite accurately by means of the hremocyto- 
I meter. To lestien the labor of counting, the blood is diluted with 
I normal salt solution or Toison's fluid.* 

The blood indrawn into tbe pipette, Fi);, 61 A, to the point marked 0.5, or to 
1.0, and then \\»> Kiild is drnwn in till the bulb ia filled to 101.0. With tbe 
flnicer on the end of tbe pipelte it in Bhnken to mix the blood with tbe snlntion. 
IKacarding the first drop, a. amall quantity in plntred in tli^ oenler of the Binnll 
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k in the middle of tbe Blide, Fife. 62. The oover-KlMs, which goes with th« 
\ iaatruneiit, is placed over the drop. Air bnbbleH are to be avoided, and no dust 

*Tal»ti*a noil)— 

Mrthjrl violei. BB .IKU (rami. 

SodlDin ehlorlile 1. 

Sodiom »olph«le «. " 

GljMrtn ao e.f. 

Wllrr 100 r.r. 

Thr ImrocHi-i iirp ■tiilo«] /alntlir pnrplr. Tbe md blood .tobpuuIm frljiin Ihrlr Bomi»l folor 
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parti<?1«B or fluid should separate (hp cover-glass from the surface of the itqunre 
of glass Burrouading the dish. 

The disk is depri-stied A; min. Irelow the upper surface of tho »r|uar». 
It is also ruled into 4O0 squares ^t mm. on each side. When the blooil- 
eorpuscles full to the surface of the disk, as they do after a few minutes, th>- 
numbiT counted in one squsre represents those present in -f^^e cu.mm, of 
the diluted blood, (^X AXi";;-) Every fifth square is crossed by n secon.l 
ruled line, which encloses the siunl] squares into groups of sixteens and assists 
in counting. Using the high-power, tne corpuscles in a given number of 
squares in various jinrts of tho plate are counted. In counting, discnrd the 
corpnsclea that touch the lines on two sides (above and at the right), and 




count thoite that toui-h the other two (below and at the left); the avera^'e for 
tnw imiHll Miuure is thus liikcu. It is best to wipe away the first drop aftiT 
a iiumtier of sqiiun-a hiive btfii countctl, replacing it with another, after 
thoronglily slinking th« pipelte. In ell, count the number in about four 
hundred smiill squares. Multiplr the average number for one square by 4, HOD 
niid by the dilution (IHO or 'IW). and the number of red (or white) corpuscles 
in a .-ubic millimetfr of bliKHl U obtuiiied. 



The niinilHT of red blood -eorpusclee in a cn.mm. of hiimnn 
liliHtd is r),(HK),lKH), or «)iiiewlint maw, for men, and aboat litilf a. 
million li'ss for wiiiiioii. Tlie normal iinmber of white corpuscles 
is fi-oin r>,(X)0 to 10,000 in a eu.inm. 
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H^MOOLOBIN 

Thp snlistani-e that givps \n the red hlood-oorpiist'les their ohar- 
acteriatie color ia htemoglobin, which has the iiuportant fiiiietinii 
of heing the oxygen-furrier of the eorpiisi-le. The ha'moiilobiii of 
most mammals crystallizes in the form of rhomlnc prisma of a r«i 
color. That of the rat erystullizi-s (|uit^- readily, 




Hffiraatoidin and hemosiderin are subsUinees dei-ived fi-om 

ha'tuiogloliiu often found in pathological tissues, as after ha-mor- 

rbuges. Uiemosideriu conbiins iron, and o<!(;nrs as yellow or brown 

k^^rauules. Htewmtoidin, which is the same as Inlimbin, contains 

iron, and <M-unra us granules or rhombic plates of a yellow to 

I liruwn color. 
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HiKMlN CRYSTALS 

Let a drop of blood dry on a slide. Add a few drops of glacial acetic acid, 
and heat over a flame until bubbles appear. Dry and mount in balsam. Dark 
brown rhombic prisms will bo seen, which are crystals of he^min, or the crystals 
of Teichmann. They are proof of the presence of blood, but do not indicate 
its source. They may be of importance in medico -legal cases. 

FIBRIN 

The delicate network of straight fibrin filaments is easily demonstrated by 
the method recommended by Gage. A large drop of blood is placed on a slide, 
and is covered with a cover-glass. The slide is laid on a piece of wet blotting 
paper, and covered with a saucer to prevent evaporation. After half an hour 
coagulation will have occurred. Draw a drop of wat^r around the edge ©f the 
cover- glass, and float it carefully from the slide, endeavoring to keep the 
coagulum of fibrin on the cover-glass. Wash carefully in water, stain in 
hematoxylin and eosin; dry; mount in balsam. (Gage recommends mounting 
without balsam over a hard -rubber cell.) 

EFFECT OF REAGENTS 

Reagents produce characteristic changes in the blood-corpuscles. 
A strong saline solution leads to the formation of projections on 




Fig. G5. Blood-Corplts<m.es op Froo. (Ranvier.) 

the red corpuscles, known as crenation; if sufficiently concentrated, 
the corpuscle becomes a shrunken, shapeless mass. Water causes 
the red corpuscles to swell ; the ha?moglobin is finally dissolved 
out, leaving the colorless, barely visible outline of the stroma called 
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the "ghost." After the addition of water the white corpuscles 
become spherical; their granules display the dancing "Brownian 
motion;" they swell, and finally buret. Weak acetic acid decolorizes 
the red corpuscles, and clears the granules of the white corpuscles 
so that their nuclei become visible. Weak solutions of tannic acid 
coagulate the coloring matter of the red corpuscles, which escapes 
from the cell, clinging as a minute particle to one edge. 

DEVELOPMENT OF THE RED BLOOD -CORPUSCLES 

The red blood -corpuscles of the mammalian embryo possess 
nuclei, and in this respect resemble those of birds, reptiles, amphib- 
ians, and fishes.* 

The nucleated red corpuscles of the mammalian embryo and of 
the young forms of the lower vertebrates multiply by karyokinesis. 
At birth, however, in mammals the nucleated corpuscles are found 
to have been replaced by the ordinary, non- nucleated, discoidal 
forms. The origin of the non -nucleated corpuscles and the man- 
ner of their renewal throughout life are uncertain. It has been 
suggested that they are developed from leucocytes and also from 
the blood-plates, but both of these theories lack confirmation. It 
seems probable that the nucleated cells colored with haemoglobin, 
found in the red marrow of the bones, are the most important 
source of the red corpuscles. According to Howell, the nucleated 
red corpuscles of the marrow lose their nuclei by extruding 
them. 



*The red blood-corpusclea of the order of fishes knowu as Cyclostoini, of which the lamprey 
is a member, are circular, nucleated disks. Amphioxus has no red blood-corpuscles. 
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THE SKIN 

The skin consists of (1) the epidermis (or scarf skin), which 
everywhere covers and protects (2) the derma (corium or true 
skin). 

The epidermis varies greatly in thickness in different locations; 
and in the thicker portions several layers may be differentiated. 
It is composed entirely of cells, while the derma is fibrous. 

1. Stratum Corneum, ) „ t 

2. Stratum Lucidum, \ "<*™>' ^y^""' 



^ a, 






3. Stratum Granulosum, ) xt«i • u- t 

4. Stratum of Prickle Cells, [ ^*^P^^'*° ^y^"" ^"^ 
1 5. Stratum of Columnar Cells. ) ^^ Mucosum. 



> ^ 



The stratum corneum consists of old, exhausted, flattened, and 
desiccated cells, which are constantly falling from the entire sur- 
face of the body. Dandruff consists of impacted cells from this 
source. Those portions most frequently exposed to friction — e.g., 
tlie palms of the hands and the soles of the feet — are protected by 
a corneous epidermal layer of great thickness. 

The stratum lucidum, or clear layer, presents cells in form not 
unlike those in the preceding stratum ; they are, however, trans- 
lucent. This is properly a part of the previous stratum, is often 
absent, and frequently very difficult of demonstration. The 
8tratu?n lucidum and stratum corneum owe their characteristics 
properties largely' to the development in their cells of a substance 
called keratin. 

The stratum granulosum, or granular layer, is composed of 
flattened cells containing opaque granules of eleidin, which is 
related to the keratin of the homy layera. 

Immediately beneath the last-named layer, the cells become 
strikingly altered in form and appearance. The prickle cells are 

(92) 



Ufgbns or compreeBcd spheroids, with large, oval nnplei. and 
I miuiite, projecting spines. By nieuns of these proeessi'S they aiit 
connected with one another, 

The fifth and last (deepest) lajer of the epidermis is eonipoBcd 
of a singit* rank of eiongat^^d eells. phiced with their lone axes at 
a right angle to the snrfare of tlic skin. These cells contain the 
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l<pi|rment wliich gives the hue peculiar to the skin of eolored 
I individuals. 

The first two layers of the epidermis constitute, properly, the 
■ layer; while tht^ remaitiing three strata compose the rftr 
• reif Malpigkii. 
; (Icrwin, eorium or true skin, is composed of dense, flbril- 
1 connective tissne, so formed aa to present minute elevations 
illee over the entire snrfaee of the body. These papillie are 
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covered with a Imseineiit niembranp, and nre protected from i 
irritation by the e|iidermal layers. 

The subnttoHeous cflliilitr tismie (upon which the true skin 
rests) (tonaists of fibriUated connective tissue with elastic ele- 
ments, from which strong interiacing bands are formed. These, 
in the deeper part*, form septa which support lobules of adipose 
tissne. These isolated colleetionB of adipose tissue, when elon- 
galed and plaeed vertically to the snrfaee, eonstitnte the /oi- 
columns. 




The blood-vessels supplying the skin may be seen in vertical 
sections, in the tiubcntaueonH tissue. Branches from these ar>- 
sent to the impilla?. where they terminate in delicate, iuteriacinjr 
loops of capillaries. 

Mednllated nerves are also sent to the papillte ; and in certain 
locations they may !» seen to terminate in tortuous stnietni'es — 
the tactile corpuxdat. \'aricose nerve- fibrils have In-en traced 
between the eells in the wte niucosum of the epidermis. 



SEIN—HJIR 



JFPE.VDJIIE.S OF THE SKIX 



The apiwmlagc's of tlie skin are the hiiirs, sfbaceoits glands, 
'uiorifiniiis i/Inmlii. jiihI the hiiHx, 



A liair, (consisting of a root mid sliaft, is constructed from 
elongated, often pigmented cells, which are ecmcnh-d together 
and (iverlapped with fell - plates, which form the cHticle. The 
puiitral part of mednllated bairs is composed of cubical ccUh and 
n<'('asi<itiat minute air-bubbles. 

The root penetrates the stratum cornenm and {appearing t<i 
have pushed the rete raucosum before it) passes through the tnie 
skin and terminates in a bulb nsiially in the subcutaneous tissue, 
where it rests upon a papilla composed of an extremely delicate 
plexus of blood -capillaries. 

The Hair- Follicle. — The root of the hair, in its passage to the 
papilla, ia invested with slieathn derived from the skiu. The hair. 




¥.. FibroBi nlL at Ow tolUclt. 

with its follicle, is indieat.<Ml in transverse section in Fig, Gf , A 
represeuts the medullii, and B the cortex of the hair. Outride the 
root-glmth , V, and derived fi-oni the rete mucosnm of the epider- 
mis, is a thin layer, the ghtssg membrane, D. This is projected 
from the basement membrane covering the surface of the corium. 
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or tiiie skin. The whole is surrounded by a fibrous coat, E, de 
rived from the connective tissue of the derma. 

A vertical section of the follicle is indicated in Fig. 69. A, B, 
and C represent the epidermal layers, which do not enter into its 




Fio. G9. DiAOBAM Showing Mode of Formation of Hair-Follicle 

A'. Epidermal layers. 
B'. Derma, or tnio skin. 

A. Homy layer f>f epidermis. 

B. Stratum lucidum. 

C. Stratum sranulosura. 

The three last mentioned form no part of the follicle. 
I). Rete Malpighii. This will be seen projected into the depths of the true skin to fonn 
the root-sheath, G. 

E. Hyaline membrane covering the derma. This is projected into the follicle, forming the 
glassy membrane, H. 

F. Fibrous tissue of the derma, forming the fibrous sheath of the hair-follicle, I. 

G. Root-sheath of the hair-follicle. 
H. Glassy membrane of the follicle. 
I. Fibrous sheath of the follicle. 

J. The hair-follicle. 

composition. The ret€ raucosum, D, forms the rodt-sheath at G. 
The basement membrane of the corium, E, forms the glassy mem- 
brane, H, while the connective tissue, F, constitutes the fibrous 
layer of the hair -follicle, J. The scales lining the hair-follicle 
are imbricated, and are directed downwards, fitting over the 
scales covering the surface of the hair, which are directed up- 
wards, and also imbricated. 

MUSCLES OF THE HAIR -FOLLICLES 



Attached to the fibrous layer of each hair-follicle is a small 

flf involiintary or smooth muscular fiber — the arrector piU. 

iqnely toward the surface of the skin; and Avhen 

«oe, the follicle and hair are elevated, producing 

n as goose*flesh. 



SUDORIFEBOCS GLANDS ffl 

BUDORtFEROU^ OB SWEAT-GI^NDS 

A sweHt-gland (PigB. 67 and 70) eonsistH of a tube or duet 
which, from the opeuing upou the surfune, passee in a spiral 
oonrse through th«^ several layers of the Bkin to the deeper part 
of the eoriuni, where it Wctiraes soiled in a bunuh, as at D, 
Fig. 70. The coiled or glaQdulai- part of the tube is surrounded 
by a net-work of capillaries. At B the tube is secu in transverse 
section. The gland-tube, D, is provided with a wall of connee- 
live tissue and smooth or involuntary niuscle, lined with eonical 




t« IWfr, 



Via. 70. ScDoairBBors TcBrum Gland. 
I iweat-cliiu]. C. Ill duel. D. Coilwl, aUnduUt I>ul. 

at nlli. t>'. Thn mUhI aluidiiUr Dan lln«d wlUi 



cells. The duct, C, is lined with granular epithelium c< 
with a thin cnticular membrane. Near the surface of the e 
mis the lining cells disappear. 

Krause estimated the number of sweat-glands at ove 
million, 
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SEBACEOITS GLANDS 

These glands are little sacs or lobules, one or more of whieh 
open into eatih hair-fnlliele. These sacs are entirely filled with 
polyliedi-al epithelial cells (vide Fig. 71) . At the neck of the gland 




the cells become granular, fatty, and ditiintegratwl, producing the 
Sfium. 

THE NAILS 

The peculiar tissue of the nails corresponds to the stratum 
Incidum of the epidermis developed to an extreme degree. The 
nail rests upon a niiU-bed, which represeuta the coriuni and the 
Malpighiaa layer of the epidermis. Minute longitudinal ridges 
take the place of papilla. The root of the nails is imbedded in a 
part of the uail-bed called the mtilrix, from which its growth 
occurs. 

PRACTICAL DEMONSTRATION 

Kemove tbe skin from thn parts below ilh hood after death &b prnrticable. 
Tixaue laay frequently be sei^iircd afti^r flur^ital operations from Btumps, etc. 
Disaeet deeply, so as to preserve the enbcuIaneoaB tissue. Sm&ll enbee from 
the finger-tipa, the palm of the hand, tlie si^alp, and-the groin may be harden^ 
quickly in strong alcohol ; and vertical sections should be made aa soon ftS the 
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tiiine has bcpoiue snfBciently flrm. 8t4kin with kBiiiBtax7liD and eosin^ and 

mount in bslsrtm. 

The Btrupturo o( hairt miiy be best demonstrated b; waaEiing the soap from 
lather, after eliavjng, with tteveral obangen of witler. When clean, decant the 
ttHter and add alcohol. Afler twenty-four houra a^in decant and add oil of 
cloves. Wilh u pipette carry udrop of the oil with the deposited bair-cnttinga 
to a slide, remove as much of the oil as possible with slips of blotting-paper, 
and mouDt in balsam. Obliqui-, vertical, and Irausverse sections may be readily 
obtained b; this method. 



\'EHT1CAL SECTION OP SKIN KKOM THK ([ROIN 

(Vidr Fig, 72) 

Observe: 
(L.)* 

1. The homy layer of the epidermis. (The Btratum lucidum 
will hiirdly be dcinnnstrable on at-count of tbe thiuuess of the 
epidermis in this region.) 

2. The rete mucosum. (Tlie section from wbicb the illastratioii 
has been drawn was taken from a negro, and the deep cells were 
pigmented.) 

3. The sharp line of demarcation between the epidermis and 
the true skin. 

4. The papillae of the corium or derma. (Note the absence of 
any sharp line dividing the corium and subcataneous tissues.) 

a. The larger blood-vessels of the subcutaneous region, 
{The arlerks iu transverse se<!tious are plainly indicated by their 
prominent media, the appearance of the fenestrated membrane aa 
a wavy yellowish line, and by the elliptical or circular outline. 
The veins are smaller, with thinner walls, and their outline is gen- 
erally irregular. The smaller veins are commonly overlooked, on 
account of their lumen having become obliterated by contraction of 
the tissue iu hordfuing. 

6. Coils and ducts of sweat-glands iu subcutaneous region. 
{The tubes are cut iu various dirccHnns. and the whole is sur- 
rounded by dense fibrous tissue, forming a kind of cupsule.) 

7. The sul>(>utaneoufi collections of adipose tissue Wni'ttlh tbe 
last region. (The septa are dense and sinmg. ) 

8. (Having .wlectt'd a vt-rli.'al sci-lion of a bair-follicle: ) 
(ti) Tbe root of the conUined hair. (/>) The butb and the hair- 
papilla. ('■) The medulla of the hair, {d) Tbe root-sheath pro- 
longed from the rete macosam. (e) The fibrous (outer) sheath. 

•Low-pnut..— j. *„ trdn iblny in ■l«tj 
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9. The sebaceous glands. (The demonstration of the connec- 
tion between the neck of the gland and the follicle will require a 
very favorable seetion.) 

10. (Scattered through the corium and upper subcutaneous 




region:) (a) Small portions of sebaceous glands, ib) Ducts of 
sudoriferous glands, (c) Oblique sections at various angles of 
hatr-foUicles. (d) Sni2ill vessels. 



^rt 



11. Arrector pili muscle. 
iiig obliquely to the divided h 



(Nearly always to be found Btand- 
lir-folUele. 



(H.)* 

12. (If demoiistnibki:) («) The stratum lucidum. (i) Stra- 
tum granulosum. 

13. The columnar cells of the rcte, next the coriuiu. 

14. (Whei-e the tissue has been torn: ) The impacted cells of 
the homy epidermis. 

15. The basement membrane covering the corium. 

IC. Capillaries of the papillae of the conum. (These may be 
distinguished, when seen longitudinally, by tortuous lines of 
elongated and deeply stained nuclei l>elongiug to their endothelium. 
Arterioles may be differentiated by their long muscle cells, the cir- 
cular flijei-s lying transversely to the vessel.) 

17. The root-sheath of the hair-follicles. (The cells compos- 
ing the root-shoath vary in api>eanince, aeeording to their position 
relatively to the hair; and this will enable you to demonstrate two 
layers, or an inner and an outer root-sheatli.) 

IS, The glassy membrane of the hair-follicle. (Appearing 
simply as a clear space between the n>ot-»henth8 and the ont«r 
fibrous coat.) 

19. The intra-cellular network in the large ixiljhedral epithelial 
cells of the sebaceous glands, and the niinutj.> fat-globules in the 

20. The nuclei of the fat-cells in the adipose tissue. (They 
appear pressed to one side.) » 

21. Medullated nerve-bundles ia transverse or oblique section. 

*HUh.powflr— 4, i.. frDiEL lbn« bundrhl lo four buodnd dkninolpn. 
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THE CIRCULATORY SYSTEM 

THE HEART 

The muscle of the heart has already been described. The 
muscle-cells are supported by a small amount of connective tissue, 
in which run the blood- and lymphatic vessels and nerve- fibers. 
Both meduUated and non-medullated nerve-fibers are supplied to 
the heart, and minute ganglia also occur, especially in the auriculo- 
ventricular and the inter -ventricular furrows. 

The Pericardium is one of the great serous membranes. Its 
surface is covered by a single layer of flat endothelial cells, beneath 
which is a stratum of fibro- elastic connective tissue. This con- 
nective tissue is continuous with that running between the muscle- 
fibers. Underneath the pericardium there is usually more or less 
adipose tissue, especially along the course of the larger blood- 
vessels. 

The Endocardium is covered with a single layer of flat endo- 
thelial cells, which rest upon fibro -elastic connective tissue. The 
connective tissue is continuous with that supporting the muscle- 
fibers, and also joins w^ith the lining of the blood-vessels that open 
into the heart. 

The valves of the heart are duplications of the pericardium, 
containing abundant connective tissue. The muscle -fibers of the 
auricle extend a short distance into the auriculo- ventricular valves. 
A few blood-vessels may be present at the attached borders of the 
valves. 

BLOOD- VESSELS 

Blood-vessels include arteries^ arterioles^ capillaries, venules, and 
veins. They are all lined with flattened endothelial cells cemented 
by their edges; and their walls are constructed from non- striated 
muscular, yellow elastic, and fibrous connective tissues, in propor- 
tions varying according to the size and function of the vessel. 
Arteries are active, while the veins are comparatively passive 
agents in the circulation of the blood. 

The large arteries are eminently elastic, from preponderance of 
yellow elastic tissue; while the arterioles are eminently contractile, 
from excess of muscular fiber. 
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cenes posaese three coats: the inlimn (intenial), media (mid- 
dle), aud iittventiiid (external). 

Fig. 73 represents a niedhini-sized t,vpical artery. The iutima, 
or internal coat, A, B, C, consists of a layer of flattened endo- 
thelial cells, which rest npon fibrous connective tissue, with a few 
elastic fibers. These structures are surrounded by a layer of elastic 
tissue, the elastic lamiua or fenestrated membrane, which is the 
external limit of the iutima. It appears in a transverse stwtion as 
a wavy (from coulructioii of the media) shining line, and is an 
important element, from its relation to certain abnormalities of the 
blood-vessels. The media, D, consists of alternate layers of 




fif ihg ■rwty. 

D. Th« MKDIA. It «nii"t« r 

E. Poliili to one of Lba clwi 

F. The iDviBTiTi*. Lmwe 

tJastic and muscular tissue. The adventitia, F, is composed of 
fibrous connective tissue, containing some elastic elements. 

Afl we approach the larger arteries, the muscular tissue dimin- 
ishes in quantity and the elastic tissue is increased. On the other 
hand, the elastic element diminishes with preponderance of muscle 
as we approach the smaller arl^ries, mitil we meet the arterioles, 
the walls of which are made almost exclusively of involuntary mus- 
fular fibers, surrounding a layer of endothelial celts. 

The walls of the capillaries consist of a single layer of flat- 
tened endothelial cells cemented by their edges. The union is not 
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quit* fiontinuous, as minute openings are to be seen at irreg^ 
ular intervole.* 

The Aorta has iutiina, media, and adventitia like the other 
arteries. The preponderance of the elastic tissue over the musculai", 
which is characteristic of large arteries, reaches its fullest develop- 
ment in the aorta. The iutima is thick, and is not well marked oflf 
from the media. The great amonnt of elastic tissue iu largw 
arteries is connected with their function of converliug the pulsating 
blood-current into a steady stream. The muscular fibers serve to 
control the calibei-s of arteries and the amount of blood flowing to 
any part, 




The walls of veins are much thinner than those of arteries. 
The intinia presents au endothelial lining, but the line of demarca- 
tion between this coat and the media is often indistinct. The 
media contains muscular tissue but not much elastic tissue; and 
the adventitia, usually the most prominent of the three coats, is 
composed largely of fibrous connective tissue. 

The valves of the veins are reduplications of the intima, having 
a semilunar form, and with the fibrous tissue well developed. 



ItEVKI.OPilEST IIF CJl'lLLJItlES J05 

Vasa x-asontm are ^nmll blood-vessels whioh serve to nourisli the 
outer layere of the large arteries and veins, 

PRACTICAL DEMONSTRATiON 

Seetiona of heart BliDwInKp^riiiRrdiumnnd endrwardlum, of aotia, of snotlier 
litrfre artery, and a large vt>iD, ebould be studied and drawn. The small blood- 
vexselH will be encountered in the various org:iLDB. 

The DEVBLOPMRNT (if* Capillaries is important because the larger 
vessels first appear iu the embryo as capillaries, around whose 
I'udol helium the other coats later become differentiated from the 
neighboring mesoderm. Areas of raesoderinic cells branch, unite 
with one another, and become hollowed out to form a system of 
ehanuels. Part of the protoplasm and nuclei form imcleat-ed red 
blood -corpuscles; pjirt of them lie outside and constitute the wall 
of endothelial cells and their nuclei. Later in embryonic life and 
lifter birth the formation of capillaries is carried on in much the 
same way, and becomes of gn>at imiiortanee in many pathological 
processes where new capillaries are required; for instance, in the 
healing of a wound. In these eases solid protoplasmic outgrowths 
atw protruded fi-om the endothelial eells of existing capillaries. 
These otitgrowths lengthen by multiplication of the endothelial cells 
or by fusion with connective tissue eells. They brunch and also 
unite with other similar outgrowths to fonn a network. Vaenoles 
appear in the middle of the processes, which enlarge, become con- 
fluent, and make channels thnmgh them, which open into the 
original capillaries. The protoplasm and nuclei of the solid sprouts 
form the endothelium of the new capillaries. 

Tbe newlj tonDinK i-aiiillBries may be Rtudied in the th)a tail of the yntine 
frog-tadpole. Seleet a rail with as iittitt pi(rmenC an prmsihli-; hanli-n In 
FlcmminK's chromip-Bcetic Holiitioti: WBHh thoroughly: Btain wilti liiemaloiylln 
HUd «aBin; alcohol; oil ot cloves; balsam. Poi-ua on a plane below the 
cpitheliam of the skin. The oapillnrieB are narrow, dark bands, with nuolei; 
the large ones containing blood-^iorpuHoleN, the small on<rs solid and showhifc 
brsuohea. 
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THE LYMPHATIC SYSTEM 

The Lymphatic System is a circulatory apparatus of exceed- 
ingly complicated arrangement. It comprises : 

1. A system of irregular clefts and camties which are of almost 
universal distribution in the more solid tissues, in the frameicork 
and parenchyma of organs, and around blood-vessels and viscera. 
They are called lymph-spaces or juice-canals, 

2. Nodules of sponge-like tissue, improperly called lymphatic 
glands, 

3. Channels of communication, consisting of capillaries and 
larger vessels called lymphatics, 

4. A central reservoir — the receptaculum chyli, 

5. Large efferent lymphatics, by means of which the contents 
of the system are, eventually, poured into the blood, in both 
sides of the neck at the junction of the internal jugular and sub- 
clavian veins. 

6. A fluid, lymph, containing numerous lymphoid cells, and 
varibus substances in solution. 

The whole provides a channel for introducing formed and nu- 
trient elements into the blood, and for conveying nutrition to the 
cells, as w^ell as affording drainagie for the tissues, the products 
of which are also emptied into the blood -vascular system, to be 
afterward eliminated by special organs. 

The circulating lymph always passes in a direction toward the 
venous system. This current is established in some of the lower 
animals by means of distinct, pulsating, hollow organs, or lymph- 
hearts; but no corresponding structure exists in man, aud the sys- 
tem becomes here subordinated to the blood -vascular apparatus. 

In man, the maintenance of the lymph- flow is due largely to a 
negative pressure, consequent upon the connection between the 
termini of the lymph -vessels and the veins. Without doubt the 
pumping motion of the intestinal villi presents a factor in the 
establishment of a current in the lacteals toward the mesenteric 
vessels. The perivascular lymph receives an impetus with each 
cardiac systole. The muscular contractions of inspiration con- 
tribute motility to the contents of the diaphragmatic lymph -chan- 
nels, in a direction against gravity. Indeed, the contractions of 
nearly every muscular fiber, whether skeletal or organic, lend their 
aid to lymph- propulsion. 
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The direction of the lyiiiph-rurrent is detennined by valves 
which ivsemble Boiiipwimt those of the veins. 

Cavities lined with so-called senilis menibraQes may be consid- 
ered as L-xpaiidcd lyinph-chatinele. 

l.XMFB-( ■BANNKLS 

The larger and more regularly formed chauaels for lymph-cir- 
culation, suL'Ii as the mesenteric and tliorafic duot«, do not differ 
materially in stnictore from correspondiDgly sized veins. The 
irregular clefts in the interstices of fibrous tissues, servinu as the 
primitive lymph-containing channels, will be repeatedly noticed 
in studying the various organs. Fig. 7S. although purely dia- 
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grammatic, will serve to show the relation of this system to the 
blood-vessels. A perivascular lymphatic c-hannel is a sort of 
tubular investment of the blood-vessel, lini'd with flattene<l endo- 
thelium sending prolongations inwanl; these prolongations branch, 
and are finally in communication with a layer of cells covering 
the ndventitia. In this manner, in close apt>osition to parts of the 
vascular system, a system of channels is provided, trilhin irhirh 
Ihf lymph mity xlotcly percolate. They are usually found about 
the arteries of the central nervous system. 

The largest lymph-spatres in the human body are the cavities 
of the peritoneum and pleum'. They are in connection one with 
the other, and with the lymphatic system generally; and the 
channels of communication between the great abdominal and 
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thoracic lymphatic cavities are, perhaps, the most convenient and 
typical for demonstration. 

LYMPHATIC VESSELS OP THE CENTRAL TENDON OP THE 
DIAPHBAOU {FigB. 76 and 77) 

Fratliral Drmonstration 
Thin d^monHtTBtioQ should be made with tissue from the rabbit, inaa- 
niucb us the slightest de com posit inn of the endothelium would be fatal to 

A small (ppetenvbly white) rabbit should be quickly killed by decapitation, 
iind immedialely suspended by the hind legs, bo as to thoroughly drain the 
body of blood. As soon as tlie blood has ceased dripping, open the thoracic 
cavity by slitting up the skin along the mediaa line, pushing it to tba sides 
and removing the sternum. In this operation work rapidly and avoid soiling 
the internal puris. Then wilh the Cngers of one hand raise the lungs and 
heart from the diaphragm, and wilh a large camel's-hair brush proceed to 
quickly, and quite forcibly, pencil the white, glistening surface of the eentral 
diaphragmatic tendon, moistening the brusb from lime to time in the lyiuph 
of the pleural cavity. Should the quantity of fiuid be small, add a little dis- 
tilled or previously boiled and tillered water. The object of the brushing i» 
to remove the endothelial cells which cover the surface, and which would 
otherwise hide the lymph-spaees. ATter the penciling, drain away the fluid 
and ponr over the brushed surface a oue-fiftb p^r cent, solution of nitrate of 
silver.* Allow the silver solution to remain tor twenty mjnntes in (contact 
with the tissue, the body meanwhile being kept away from the bright sunlight; 
then pour off the solution, wash the surface twice with distilled water, and 
afterward allow water from the tap to flow over the parts for at leant five 
minutes. 

If you observe the directions careFuIly, the surface of the tendon will lose 
its oHitinai glistening appearance and become whitish and opaque. 

The tendon, or such portion of it as you wish to preserve, may be cut out 
with the scissors after the washing, thrown into glycerin, and placed in the 
sunlight DCitil the surface becomes brown. With the forceps tear off small 
pieces of the stained side, say one-half inch square, and examine in glycerin, 
or mount them permBuenliy in the sume medium. 

The demon Btmtioii of the channels of the lymphatic system ia 
based upon the following : 

1. Lymph-rhannela art always, however small .or irregular, 
UHfd with flattened cells in a single layer — i. f-., endothelium. 

2. The lining cells are cemented together with an albuminous 
siibstanre. 

3. Nitrate of silver combines trith the cement, forming albumi- 
nate of silver, which becomes dark brou-tt when exposed to light. 
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If yon have been snceessful, the silver v,t11 have penetrated the 
tendou and mapped out tbe lympli-chauDels, indicatimj an tiufHw 
of every lining cell by means of a dark border. Failure will result 
ouly from Don -attention to cleanliness in tbe handling of the tis- 
sue, in whieh case the silver becomes deposited generally over the 
surface. The margins or outlines of tbe cells, it must be remem- 
bered, are stained with the silver. The nuclei may be demon- 
strate by aft«r- staining with borax-carmine. The mounting 
may be done in balsam, although the elastic fibers, of which the 
matrix of the tendou is composed, will become stiflF during immer- 
sion, and show a tendency to cnrl and contract. If glycerin lie 
used after carmine staining, tissues should I>e washed thoroughly 
in water, subsequently to the acid alcohol, transferred to equal 
parts of glycerin and water, and allowed to remain for an hour, 
at least, before mounting. 

CKNTKAl. TENDON OV TUE DIAPHRAGM. S1L\-ER-STAININ« 

(fi-h- Ft«". 76 nnd 77t 

Observe: 

(I.-) 

1. The division of the specimen into dark and light areas. 
(The dark areas represent the more solid portions of the tissue or 
the partitions between tbe channels, and the light spaces are the 
lymph-paths.) 

2. The lymph-paths — the light spaces. (These show, with 
this amplification, as irregular, winding, and anastomosing courses, 
marked with very delicate lace-like tracery — the silver lines.) 

3. Valvea of the lymph-paths. (At points, tbe paths will be 
crossed by dark curved lines. These are imperfect valves, not 
nulike a single cusp of an aortic vulve.) 

4. Outlines of the cells lining the larger excavations 
(lymph-paths) in the tissue. (Note that the cells are generally 
elongated in the direction of the lymph-path. The edges are 
frequently serrated.) 

5. Stomata, minute openings at the junction of several c^lls. 

6. The construction of the valvea. (These are curved against 
the lymph -flow, and covered with colls like other part* of the 
channel. Not* the change in form of the cells approaching and 
coveriag the valves.) 
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7. Elastic fibers of the more solid parts of the tendon. 

8. Lymph-capillaries. (Tliese will he seen in the partitions 
between tlje larger imtlis. In places they nmy be observed empty- 
ing into the paths, and again will appear as simphj cavitieB, ac- 
cording to the manner aeetioned.) 

9. The deeper capillaries. (Careful focusing npon the por- 
tions of the tendon which appear most solid will reveal minute 
cell-lined channels i i-i Ti student must rememlrer 
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that we cannot penetrate tisanes witli the microscope to any con- 
siderable depth, but are restricted to nearly a single plane. If it 
were possible to penetrate with the eye the entire thickness of the 
tendon, we might trace the lymph-paths or channels from the 
abdominal to the thoracic surface.) 
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At minierons points along the course of lymphatie veaeels they 
penetrate small nodules of Ro-called lymphoid or adftioid tissHe, 
which have bet-o termed lyrapbalii? ghmdn. They are frequently 
microseopie ; others attain the size of a hirge pea. They secretf 
volhing, hfnre art- not glands. They are somewhat sponge-Uke in 
structure, and the lymph filters slowly through them. 
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Mo&t frequently several lymphatic channels enter one of these 
larger nndes, while perhaps only a single channel leaves it. 

The histology of a lymph-node is not always easily compre- 
hended by the student, and we have endeavored to make a diagram 
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(Fig. 78) which will simplify the matter somewhat. It is enveloped 
by a capsule of eonneetive and involuntary mnauular tissue, which 
sends trabecule into the body of the organ, and these branching 
posts support the structure as a framework. The interatices are 
quite Binall in the more central portion and larger towai-d the 
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periphery; this lias resulted in the application of the terms medul- 
lary and cortical to the respective parts. The nutrient blood- 
vessels are contained in the framework. The- cnmpartmetits contain 
the »tructitre peculiar to the hjmphalic system — viz., lymphoid or 
adenoid tissue. 
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Lymphoid or adenoid tissue consists of a mass of flattened cells, 
wilti uuiiieroUH di'licate filtrillar pmlongiitiuiis, which branch and 
auHstomose so as to form an interwoven structure— (A e mlrnoid 
fFticuliim. Klein regards the cells as forming no essential part of 
the structure, but considers them a-s flattened plates attached to iLe 
fibrils. The meshes of the adenoid retienlum ore in connection 
with the fibera of the tralieculte, and, with the exception "of the 
portion next the hitter, are filled — crowded, in fact — with connUess 
small, spherical lymphoid cells. Those ixirtions of the tissue which 
contain the cells are t«rmed the fnllivleit of the cortex and cords of 
the raednlla. 

The lymph-jMith is the portion Iwtween the fibrous trabecular 
and the follicles and cords. 

When we learn that the trahocnlfe, follicles, cords, and lymph- 
paths pui-BUe very tortuous and branching routes, we can appreciate 
the eomplexity of the organ as a whole. 

The blood-vessel orran^meut presents no anomalies. The 
small arterial trunks enter within the trabocnttp, finally break int^ 
capillaries which supply the follicles, cords, eUr., and the blood is 
then collected by the venules ft»r the eflferent veins. 

There is a depression at one side of the lymph-no<le called the 
hilum, where the arteries enter, and the veins and efferent lym- 
phatic leave the lympb-nodc. 

Snuill diffnnr rollfrtioHS of adenoid tis»iie are to be seen in many 
organs. These do not diflfer essentially from the tissue just 
described, excepting that there is no definite arrangement of 
trabecnife and lymph-paths, as in the compound lymph-node; the 
lymph sixopiy filters Ihruugh the retir-utitm, the same being a part of 
the lymph -cLannel system of Ihe tissue in which the adenoid struc- 
ture may occur. 

PRACTICAL OEMOXSTRATIOX 

Thp mMcnlrrir lymphatie norUs jireBent Ihe most typieai Htrnclure, and rany 
Ire oblnined from tlie liunuiii subject, If treah, Rlt.bough those trom tho il'i^ ure 
prefentlile, on Hocount ot the b«tter condition ot the tissue as Qsuatly sei^urtd. 

The Dodes should be slii^ed in half, placed in Mailer lor n we«k, kiii) theu 
hardened by two days immeraion in slronff alcohol. 

Sections should bu mounted, of two liinds, viz., those inolnding the whole 
area of the node — which need not be very thin — for demonstration of the 
Mbenie or plan of structnre, and exceedingly thin ones, even thoufh they inny 
ineltidd only a imnll part of the organ, for study of the details ot the adenoid 
reticulum. The latter purpose will be subaerred by ihakiuK a number of thin 
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cuts in n, test-tube with oleobol for a few loinutuB, and with considerablo vio- 
lences, even aacriflcing moat of the sactiouB. The agitatioD will diatodge the 
Ijmph-eellB, mbieh otherwiae monld obBoure the bietologj of the lymph- 
foil ioles and cords. 

Stain deeply with hiematoxylin and eoain, and mount the thicker seirtioDs 
in balsam, and those especially thin in glycerin. 



SECTION OP MESENTERIC LYMPHATIC NODE 

(FiCts. 79 and 80) 



ObsER\-E : 

1, The fibrous capsule. 
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deeper parts of the enpsule — the nuclei of the smooth muscular 
tissue, the thick-wallcd arteries, the lymph-spaces.) 

2. The trabeculae. (Trace these as they penetrate the organ, 
and observe that they frequently end abruptly, on account of hav- 
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ing curved, so as to leave the plane oeeupieO by the section. The 
trabeculae are not partitions, like the iiiterlobalar puliaonary 
tuepta or the prolongations fnim the eapsule of Ulisson in the liver; 
ihey nre unt unlike rods or posts, making a framework and not 
producing alveoli. Find one divided transversely.) 

.3. The rounded follicular masses nf lymphoid or adenoid tissue 




in the cortex, and the cord-like miisoes of it in the mednlla. (They 
are reeoRnizeii as granular areas between the trabeeulo!.) 

4. The lymph-paths. (These can lie appreciate! by remem- 
bering that the follicles and cords do not entirely fill the spaces 
Id'twcen the tmlifculff, and that the area between the two — i.e.. 
outside the cords — is the more open in textnre, and containfl the 
filtering lymph. They are more distinct ia the cortex.) 
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(H.) 

5. The histology of the capsule, (a) The closely united con- 
nective tissue with the scattering elastic fibers of the external 
layer, (b) The smooth muscle of the deeper portions, (c) 
Sections of arteries. (These may be of considerable size.) 
(d) The lymph-spaces. (The differentiation is by the flattened 
endothelial cells of spaces which otherwise would be supposed mere 
rifts in the tissue, inasmuch as no definite or special wall can be 
detected.) 

6. The structural elements of the trabeculae. (They are 
similar to those of the capsule, excepting the elastic element, 
which cannot here be demonstrated. Note the variously sectioned 
small arteries.) 

7. The follicles of the cortex and lymphoid cords of the 
medulla. (In the thicker section, the field will be completely 
crowded with lymphoid cells. Select a thin field and observe: (a) 
The l)niiphoid cells. (These will be found varying in size from a 
very small red blood -disc to that of a large white corpuscle; the 
nucleus is usually large, single or otherwise, while the protoplasm 
is often scanty.) (h) The branching endothelial cells, (c) The 
delicate fibrillce of the adenoid reticulum. (You may endeavor 
to determine whether this reticulum exists as an offshoot of the 
endothelial cells, or whether the latter are simply adherent to the 
broadened plates of the former.) 

8. The reticulum of the l3niiph-paths. (Observe that this is 
precisely like the reticulum of the follicles, as demonstrable after 
shaking out most of the lymph-corpuscles of the last.) (a) The 
connection between the fibrillae of the paths and those of 
the trabeculae. 

9. Capillaries of the paths and cords. (These will be recog- 
nizable only by the regular succession of the contained red blood- 
corpuscles.) 
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THE SPLEEN 

The spleen presents uo regular subdivision of parts which may 
lie studied separately and combined afterward, as we are able to do 
with ori^ns like the lung, liver, ete. The spleen is a durUeas organ 
or so-called gland, and the plan or scheme may, perhaps, be best 
comprehended by following the blood diatributiun. 

The splenic artery enters the organ at the hilum. supported by 
n considerable amount of connective tissue, and rapidly breaks into 
smaller branches, from which the arterioles leave at right angles. 
The arterioles quickly merge into cnpillaries, which form plexuses 



Cnptuli 




throughout the different portions of the organ, llciv we imi-t. with 
an anomalous stnictnre. 

The capillaries, instead of uniting to form venules, as in the 
nsual vascular plan, empty Ikeir contentg into Bmall fhambFrt or 
»panijf-Ukf ciivitirs — llw vfaous iiptires. The lilimd, after filtering 
through the venous interstices, is pQlloel«d in larger, irregular, 
vein-like channels, whieh finally I'onduct the blood into the veins 
proper and out of the spleen. The tisane containing this vascnlar 
arrangement is called gplftiir pulp, 

The fibrous capsnle which envelops the spleen sends tral>e<'idm 
within, which form ii framework; itiid friim this fibrils are sent off, 
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which branch, broaden, and inosculate to form the supporting 
framework of the pulp. 

The arteries are frequently surrounded by nodules of lymphoid 
(or adenoid) tissue, sometimes globular, more frequently consider- 
ably elongated, and following the vessel for a considerable distance. 
These nodules are called Malpighian bodies. They bear no resem- 
blance to the similarly named structures in the kidney, excepting, 
perhaps, when seen in transverse sections by the naked eye. 

The spleen will thus be seen to consist of fibrous trabeculated 
framework^ the pulp, blood-vessels, and more or less isolated nodules 
of lymphoid tissue, 

PRACTICAL DEMONSTRATION 

The organ must be perfectly fresh. If human tissue cannot be obtained 
in good condition, recourse may be had to the ox, which wiU provide an ex- 
cellent substitute. The small supernumerary spleens, not infrequently found 
during post-mortem work, are most desirable, as sections can be easily made 
through the entire organ. 

Pieces of tissue a centimeter thick, including a portion of the capsule, 
should be hardened as directed for lymph-nodes. Sections are easily made 
without the microtome, as the mass is very firm; they should be thin and 
stained with borax-carmine or hs^matoxylin, and mounted in balsam. 



SECTION OF HUMAN SPLEEN, CUT AT A RIGHT ANGLE TO AND 

INCLUDING THE CAPSULE. (Fig. 82) 
ObSERV^E : 

(L.) 

1. The fibrous capsule. The clear, translucent appearance of 
its elastic tissue and the elongated nuclei of the smooth muscle- 
cells. (The capsule not infrequently becomes considerably thick- 
ened in the human subject, and the development occurs irregularly, 
sometimes in the form of minute nodules.) 

2. The trabeculae. (The depth to which they may be traced 
will depend largely upon the direction of the section.) {a) That 
these are not bands, but bundles, more or less circular in trans- 
verse section. (6) Their irregular course, quickly after leaving 
the surface, (c) That occasionally a small artery may be found 
within them, though they are usually destitute of large vessels. 
{d) The elongated nuclei of the muscular fibers forming part of 
the trabecular. 
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3. The large blood-vessels, (ii) The arteries more frequent 
than veins. {!>) Their very promiuent adventitia. (r) Their 
tortuous fourse. 

4. The lymphoid (or adenoid tissue). (This you will be 
enabled to reeogiiize by the great number of lymphoid cells of the 
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ndeooid stmeture, the uuclei of which become stained very deeply 
lihie with haMiiHtoxylin, giviug a very distinct differentiation. At 
thia point examine everj' part of the specimen closely, and en- 
deavor to detect even the most minut« collection of this tissue.) 
((>) Around arteries, constituting the so-called Malpighian bodies. 
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lb) Transverse sections of Malpighian. bodies, noting that the 
vessel is seldom in the center of the nodule. (<■) Nearly longi- 
tudinal section of Malpighian nodules, oliscrvinjf that the lymph- 
oid tissue usually follows nr suiTimnils tlie artery for a short 
distance only. In many of the lower animals the Malpighian 
bodies are more sharply marked off from the spleni*" pulp than 
in man. 

5. The Splenic pulp. (This will he found in those portions of 
the section not oecupied by structures previously demonstrated; 
and will he determined by its light color. Review the whole area, 
and endeavor to differentiate everj- portion of the lymphoid and 
pulp -tissue. The staining will have been your principal guide 
thus far, the pulp-elements appearing in strong contrast by their 
pink eosin color.) 

(H.) 

G. The structural elements of the capsule. («) The numer- 
ous minute lymph-spaces nini the imperfect vascular supply, 
{h) The nuclei of the peritoneal cell covering, (This presup- 
poses that the section has Vjeeu selected so as to include the- 
peritoneal investment.) (c) The abundant and closely packed 
counective tissue, ((/) The muscle- nuclei, (e) Cells contain- 
ing granular yi-Ilow pigment. (The qnaiitity vnries largely with 
different spc<.-Liinns.) 

7. The Malpighian nodules. (") The arterioles — very small 
and apt to escape attention unless filled with blood -corpuscles. 
(t) Their reticulum. (This will be difficult of satisfactory dem- 
onstration, unless the section is thin.) 

8. The elements pf the pulp, (n) Large flattened cells, the 
branches fonning the nieshwork of venous channels. (b) Red 
blood -corpuscles. (Very Jiumerous, and often broken and dis- 
torted.) (e) Blood - pigment. ('/) White blood-corpuscles. 
(Some of them may contain grannies of pigment, which nre 
composed of the derivatives resulting from the disintegration of 
hremoglobin. The destruction of worn-out red blood -corpuscles 
probably is one of the most important functions of the spleen.) 
(c) Large multi- nucleated cells, (which are commoner iu the 
spleens of young animals). 




THYMX'S BODY 

Tilt) tliymii« body (frequently and improperly nailed a gluiid) is 
an adjuiK't Ut the lymphatic system of — in man — fae^tal and infan- 
tile life, disappeariuf; liy an atmpliie process at or liefore tlie age 
of pui)erty. 

It is enveloped by a fibrous capsule, partitions fi*om which sub- 
divide the organ into lobes and lobules. The lobules are ttenerally 
subdivided into foUieles, whii-h are iiTegularly sized and shaped, 
while tending to an ovoid form. 

It is in connetition with the general lymphatic system by efferent 
vessels which emerge from the hili of the lobes — the lymph having 
meanwhile trtiversed the mesh -like structure of adenoid tissne 
composing the follicles. 

The blood-vascular system is in the form of a nutritive supply; 
the larger vessels occupying the fibrous framework, and sending 
branches into the follicles. The capillary plexuses are more abun- 
dant in the peripheral iwrtion of the follicles. The blood is col- 
lected in the venous channels of the central or medullary area, and 
emerges from the organ by the veins which accompany the efferent 
lyuiphatics. 

I'RACTICAL DEMONSTRATION 

The or^n eihoulil Iw obtaineKl from a atitl-bnm i;>fnnt, dlriileil in smalt 
pie«ee, nnd hardKned rapidly in sImnK nicohol. Secliong may includH uii cDtiru 
\o\m, and bo ataiaed vritli litDmatoxylin nnii eosiu, 



SECTION OF 



'HYMUS BODY FROM AN INFANT 
ON THE SIXTEENTH DAY 



,KTEB 



Observe; 
(L.) 

1. The fibrous capsule. 

2. Division by prolongations of 1 into somcwhal spherical lobes. 
'.i. Sulxlivision of 2 into lobules. 

4. Subdivision of :) into follicles. (Note that these are not 
uuifonuly outlined by tli itinv.'live tissue.) 

o. The subdivision of the follicles iulo an outer, deeply stained 
cortex, which completely surrounds a light center, the medulla. 

G. The larger lymph^spaccB and arteries of the capsular and 
trabecular tissue. 
(H.) 

7. The cortex of the follicles. ('() The numerous deeply- 
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stained lymph- corpuscles, (h) The network of the lymphoid (or 
adenoid) tisBue. (Tlii^ will be greatly obs<.'ured by the lymphoid 
(lells.) ('■) The blood -capillaries. Ouly reeoguized by the con- 
talued (lorpnsi'les. (il) Miuiite trabeculae of the eouueetive tissue 
projected from the capsule. 

8. The medulla of the follicles. {") The sparsity of Ijmiph- 
corpuscles as comparud witli the vi>i-tifal imi-tiuus. (b) Large 
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nucleated cells. (r) Still larger multinucleated cells. 
('0 Lai'^jfr — tliijiigh varjjng iu size — s(iLeri<'al botlies, Hassall's 
corpuscles. (These are comjiohed nf epithelinl cells, arranged 
'•oucentrically, and are unlike any other structure found iu the 
normal tissues of the body. They resemble the smaller "eell- 
nests" of epithelioma. The corpuscles of Hassall are the remains 
of the epithelial structure, which makes up the bulk of the thy- 
mus body in its early stages.) (c) Small thin-walled venules. 
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THE HESPIKATOKY ORGANS 

The larynx and trachea bave the Kame general strneture as the 
larger bronchial tubes. The epithelium la stratified columnar aud 
ciliated, except that coverJDg the surfaces of the epiglottis and that 
of the upper part of the larynx, whieh is stratified squamous. 
The cartilages are hyaline, except those of the epiglottis, part of 
the arytenoids, and the cartilages of Wrisberg and Santorini, which 
are yellow elastic cartilage. 



THE LUSGS 



At the root of each lung the large primary bronchus eut^i-s, 
and divides into two brunches, which also divide and branch 
repeatedly nntil terminal or capillary bronchial tubes are formed, 
which are one-fourth to one-eighth of a millimeter in diameter. 

A typical bronchial tube (Fig. 84) presents four coats, as 
follows: 



Epithelial. 
Intemnl fibre 
Muscular i 



i 



tucom. 
muscularis miteostB. 

4. External fibrous or submtirosa. 

The lining epithelium is composed of cylindrical cells, provided 
on their free extremities with delicate hair-like appendages — the 
citiii. Between the pointed, attached ends of the ciliated cells, 
small ovoid cells are wedged, and the whole rests upon a layer of 
round cells. The epithelium pursues a wavy course, so that the 
lumen of a tube appears stellate rather than cin-ular in transverse 
section. This greatly increases ibe extent of surface. 

The internal fibrous coat or mucosa is composed of a small 
amount of connective tissue, which, just beneath or outside the 
epithelium, sustains collections of lymphoid (or adenoid) lissuf. 
lu the pig, a considerable quantity of yellow elastic tiasHe is found 
in the mucosa outride the lymphoid tissne, but the amount is 
smaller in man. The fibers ai-e. for the most part, disposed longj- 
tudiunlly. Many nutrient rensels from the bronchial art#ry, cap- 
illaries, venules, and lymph-spaces are also found in this coat. 

The musailar roat — museularis raucosH? — does not differ from 
the same layer in other mucous membranes. Its thickness varies 
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in proportion to the size of the bi-oiichus. the smaller tubes f 

ing relatively the thicker whUs. The fibers pass circularly, and 

are of the non-striated or involuntary variety. 

The exiernttl coat, or ^ubntncosa, is largely uoinposed of loose 
connective tissue, the fibei-s being mostly arranged circularly, A 
few delicate elastic fiberi* run longitudinally. The external fibers, 
like those of all tubes, ducts, and vessels, are for the purpose of 
establishing connection with the organ or part traversed ; so that 
it is often difficult to detnonstrate the exact external limit of a 
bronchus. This coat is liberally supplied with nutrient branches 
from the bronchial artery. 

The elasticity and strength of the larger and medium-sized 




H, K. H. PtilmonAiT aJveoll ntmnndlns bronehn*. 

bronchial tubes are greatly increased by the presence of carlilagp 
in the form of plates, which are imbedded in the external coat. 
They are not uniform in size, neither are they placed regularly. 
Tbey frequently overlap one another, and two or three may be 
euperpoBcd. As the tubes become reduced in size the plates be- 
come diminished in frequency — disappearing altogether when a 
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diameter of about one millimeter bus been reached. The cartilage is 
of the hyaline variety, anil each plate is covered with n dense fibi-ons 
I'oat. the pfrkhoiiilnum, whieli unites it with eontigiious parts. 

The principal bronchi are pros'ided with a great number c»f 
muroun ijUinds, which are loeati,-*) in the external coat or »ubmu- 
cosa. They are simple, coiled tubular glands, ebmmencing on the 
inner surface, penetrating the mucosa and muscularis mucoste, 
and terminating in the submneosa, generally within the cartilage, 
where they are coiled in short, close turns in sections resembling 
somewhat the larger sweat-glands of the skin. The ciliated epi- 
thelium of the bronchial tube is continued down the beginning of 
the tube for u short distflnce, after whit'h the cells arc shortenwi, 
and lose their cilia. The coiled gland-part of the tube is lined with 
conical cells, which are so large as to leave the lumeu very small. 
Sometimes, and esiK-cially in the aged, an ampulliform dilatationi 
of the tube may be seen during its passage through the mucosa. 

The description just given will apply to large and medium- 
sized bronchial tubes. Very important changes take place as we 
pass to the terminal tubes. 

As the tubes decrease' iu size, the first coat to dimiuisfa in 
thickness is the outer, or submucosa. We have already alluded to 
the disappearance of the cartilage, and the mucous glands are 
lost at about the same time. The outer coat becomes, in the 
small bnmchial tuties, so thin as to I>e no longer distiuctly demon- 
strable. The muscular coat is the last to disappear. It remains 
a prominent featnre of the tube as long as separate coats cau be 
distinguished. The epithelial celU lining the tubes towai-d the 
termini become shortened, and, getting lower and lower, at last 
result in cuboidal cells, without cilia. 

The walls of trrmimtl bronrhial tuhrs (diameter one-fourth 
to one-eighth of a millimeter) are composed of a alight amount of 
eouneetive tissue in which an occasional non-striated muscle-oell 
and yellow elastic fiber can be distinguished. They are lined 
with cuboidal or a few flat cells. No definite layers are distin- 
guishable in these bronchial tubes. In a transverse section the 
lumeu would appear circular. 



PRACTICAL DEMONSTHATIOS 

The hiBtoloRy ot the bronchi emi be atudinl lo bpul ndTHnlH^e l>y using 
tiMUC troui a freslily killed pig, eM, or dog. SlioK pieces of tubeR, obout ou« 
D diameter, from whictt moat of tbe lunK-RubsUDce haa been cut 
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avay, should be hnnlened quickly in Htrong alaohol, Trocaverse si 
be made Cree-huad, or the tissue maj' bv infiltrated with paraffin or oelloidia, 
Htitl cut with the microt^iroe. Stain with bteioatoxj'liii and eosln, and motint 
in balsnm. 

TRANSVERSE SECTION" OF PORTION OF BRONCHUS OF PIG 
(Pig- 85) 

Observe : 

(I.-) 

1. Tlie epithelial lining: («) The wavy course. (6) Regions 
occupied by beaker or goblet cells. (Tlje ietter E in the drawing 
leads to such a gfoiip. {'•) The nmiiber of nuclei, indicating the 
presence of more than a single layer of cells. 

2". Tho mucosa. («) Deeply stained blue nuclei of the lym- 
phoid (or adenoid) tissue just beneath the epithelium. (6) Pink 
poition of the region below the lymphoid tissue. (The longitudi- 
ual elastic fibers rut transversely.) (c) Blood-vessels. 

3. The muscular coat. Ui) Apparent .solution of coutinuity 
in places caused by tubes of mucous glands, (b) The absence 
of large vessels in this coat. 

4, The external layer, (n) Its e'xtent. (It iueludes the 
remainder of the section.) (W Large cartilage plates, C, stained 
blue, (f) Cartilage-cells. (Note their iliffering forms and dispo- 
sition in rows nest the surfaces of the plates.) (rf) Perichondrium 
stained pink. If) Mucous gland -coils. (They are usually 
between the cartilage and the muscular eoat.) if) Section of 
bronchial arteries and veins, (if) Collections of adipose tissue 
on the outer surface, (h) Portion or whole of pulmonary artery 
and meduUated nerve-trunks outside of and aeeompanying the 
bronchus. 

(.HO 

."). Epithelial lining, (a) Cilia of columnar cells, (6) The 
ovoid cells between the taperlug columnar cells, (c) The "base- 
ment membrane." upon which the colntnuar cells rest, (d) The 
goblet or beaker cells. 

G. The mucosa, (ii) The reticulum of the lymphoid tissue. 
(It will appear ouly where the lymph-corpuscles have been acci- 
dentally brushed out.) (ft) The transversely divided ends of the 
elastic fibers. (They appear as a pink mosaic.) (r) Capillaries. 
*" ey may frequently be traced for a considerable distance in their 
ft course.) 



ItltOXCHIJI. TUBES 127 

7. The cartilage plates. ('i) Several cells in a single 
cavity. (/O T!if intracellular network. 

8. The mucous glands. («) Tlitit schik- of Ihu cells are 
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Stained precisely like the other mucous or goblet cells, along the 
surfaee of the memhraiie. (b) If possible, u gland-tube leading 
up to the lumen of the bronelms. .(An iinipulliform dilatation 
is shown in (he upper part of the drawing.) 
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THE PULMONARY BLOOD-VESSELS 

The prominent accompaniments of the bronchus, at the root of 
the lung, are the pulmonary art-ery (carrying venous blood) and 
the pulmonary veins. 

The pulmonary artery enters the lung with the bronchus, fol- 
lowing its ramifications, to end in capillary plexuses in the walls of 
the sac -like dilatations, which are in connection with the ultimate 
bronchial tubes. The blood is then collected in venules, which 
unite to form the pulmonary veins. The latter pursue an inde- 
pendent course in their exit, not accompanying the bronchial tubes 
until the large bronchial tubes have been reached. 

The bronchial artery (nutrient) enters with the bronchus, sup- 
plying its walls and the connective tissue framework of the lung. 

A considerable amount of connective tissue accompanies and 
supports the structures which enter the lung, and is eventually in 
connection with the fibrous framework of the organ. 

The lung will, therefore, be seen to differ from organs gener- 
ally, in that it contains two distinct vascular supplies^ viz.: (1) The 
pulmonary (of venous blood), entering for the purpose of its own 
oxygenation; (2) The bronchial (arterial), which corresponds to 
the usual nutrient blood -supply of organs. 

THE PLEURA 

The lung is completely enveloped in a membrane composed 
externally of endothelium, while the visceral portion is made up of 
interlacing fibrous and elastic tissue. The deep or visceral layer 
of the pleura sends prolongations in the form of septa into the 
substance of the lung, dividing it into rounded polyhedral compart- 
ments or lobules. The interlobular septa have usually become 
prominent in the human adult from deposits of inhaled carbon in 
their lymph -channels. 

THE PULMONARY ALVEOLI 

The lung is .constantly employed in maintaining the integrity 
of the blood. This is accomplished by the exposure of the latter to 
a continual supply of atmospheric air. The air is introduced into 
little sacs (termed air-vesicles or alveoli)^ in the walls of which the 
blood is distributed in a capillary plexus. The air does not reach 
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the capillaries themselves, inaemucli a» they are covered with a 
layer of flat cells. These cells, constituting the parencht/ma of the 
lung, have the power, on the one hand, of selecting such material 
from the air as may be required, passing it on to the blood in the 
capillaries; and. on the other, of removing efifete material from the 




blood, transferring it to the atmospheric contents of the air-sacs 
for exhalation. 

The air-sacs or alveoli are not unlike minute bladders. Their 
diameter about equals that of a terminal bronchus; viz., from one- 
fonrth to one-eighth of a millimeter. A group of these alveoli are 
associated in the manner shown in Fig. 8C, their contiguous walls 




Fio. ST. DiAQKAM Showino an Ultimate Pulxonarv L-obi^lk in LoHaiTDDixAii 

SxTnOK, SUOWINfl THE MaKNER IN WHIm THE ALVEOU ARK AatOnAVKb IM 
COKKECTIDN WtTK A TeRUISAI, BROKcniULK. 

A. TcrmlnAl branirhJole •ntfrlnc, 
n. Tbs iDfDDdlbnIam. 
C.C.C. Alt»Lt, 

fusing and all opening into a common cavity, the infuHdihulum . 
The whole is in connection with a terminal bronchiole {vitle Fig; 
87). A primary lobule having been thus constructed, several aro 
assotnat^d and united to a slightly larger bronchial twig, and there 
results one of the polyhedral lobules, previously mentioned as 
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visible, especially on the surface of the liing. By a repetition 
such elements the lung is constructed. 

The wall of a pulmonary alveolus or Hir-sac is composed of 
connective tissue, supporting the capillary network, with a con- 
eiderahle amount of elastic tissue. The whole, as we have said, if 
lined with a single layer of flat, pavement epithelium. The capil' 
lary plexus, when filled with blood, affords the most prominent 
feature of the wall ; but when the vessels have been emptied of 
their contents, they become very insignificant under the miero- 




soope, and the fibro-elastic tissue becomes more apparent, YottI 
will have observed that, aside from the vascular supply, the his*! 
tologj' of an alveolar wall resembles very closely ttat of a terminal 
bronchiole, and when the vessels are all empty it is freqiiently difB-j 
cult to differentiate them in the mounted section. 
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Fig, 88 shows a single alveolus, the vessels of whieh have been 
iujccted wilh a solution of eolored gelatin. The alveolus has been 
divided throngh the middle, and shows as a cup-shaped eavity. 
The fibrous marginal walls are indieated, with their tortuons 
capillaries, The epithelial eells lining the bottom are obscured by 
the opaque capillaries, and shown only between the loops. It is 
probable that these cells cover the plexus completely, as they line 
the alveoli. 

We uow encounter an obstacle which will frequently be met in 
our study of organa. It consists of the difficulty in recognizing in 
sections the plan of structure which we have learned la peculiar to 
the organ under con si deration. For example: A lung has been 
compared to a tree. The bronchi are the representatives of the 
branches, and the air-sacs of the fruit. Well, we make a section 
from human lung-*it matters little as to the direction — with every 
possible care, and the image in the field of the microscope resem- 
bles a fragment of ragged lace more neaily tlian anything else! 
The arrangement of the tubes and alveoli of the lung has been 
determined by filling the cavities with melted wax, whieh, when 
cold, and the tissue destroyed by acid, gives a perfect mould of the 
organ. A Sfdion gives us but a single plane, and this fact must be 
alwayn burne in mind. 

PRACTICAL DEMON'STHATIOy 

With a TDry sharp razor, cat centimeter cubea from pig's lung. 8«lfct 
portions free from large broneU, witli tlie pleura on one side at leaat, and 
harden nltb strong iLli>ohol. Human lung, as fresh a» poMitle, may be treated 
in the Bonie manuer, The epithelium of the alveoli ehowi best ia young lung, 
Iiung roust be made very hard, or thin sections cannot be cut. If the ordinftiy 
ninety-five per cent, alcohol doeg not bardea aafflciently, the process may be 
enmpleted by tranHferriog the tissue for twenty-tour hoars to absolute aloobol. 
The ccUoidin proeeas is well adapted to this atruolnre. 

Stain the eeotions with borax -earmine, or hiematoxytin and eosin. Mount 
!□ haUam. 



SECTION OV LUNG OP PIG (Tide F\g. 89) 

Observe : 

(I") 

1. The large scalloped openings, A, A, transversely divided 
infundibula. 

2. The divided alveoli. B, B, so sectioned as to cut off both 
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bottom and top, and show no epithelial lining excepting at 
inner edge of periphery. 

3. The alveoli, C, C, divided so as to show a cup-shaped bot- 
tom or top. (The miDute granules are the nuclei of the lining 
cells. ) 

4. The alveoli, D, D, eo out as to leave most of bottom i 
top, showing an opening in the center where the sac has been 
sliced off. 
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5. Openings, B, E, which are about the same size and bear a 
general resemblance to those of Obs. 2. (Note that their internal 
edges are smooth and not ragged. They are terminal bronchi- 
oles. No larger bronchial tubes have been included in the 
section.) 
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HLTilAN LUNG — SECTION SHOWING A SINGLE 
. ALVEOLUS (Fig. 00) 

Observe : 
(L.) 

1. The outline of alveolus. (The alveoU in human lung will 
show much distortion, as the tidsiie (tannot be secured in perfect 
condition.) 




L 
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O. Fulmooarir itUit. 

(H.) 

2. The fibrous wall, A. A, 

3. The lumen, B. (The bqttom or top has been eat oflf in 
making the section.) 

4. The tortuous capillaries, C, C, in the fibrous wall. 
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5 The fimnc rpittirlijl odis. (i) Those remaining attached 
to the edg^ of the wail. D. 'h ' Drtarfird eells. E. (r) Gronps 
portly detached, F. F. 

6. The divided p nlmcm ar y artery, G. (A medium -sized bron- 
chial tube existed in the seetion immediately to the left of the 
artery.) 

rCETAL LTXG 

Harden the Inu of %. foKQs. preferabtj homan, in M&ller's or Orth's 
ftiid. After wa»hin^. finish hardening in aleohol ; imbed in eelloidin ; cut ; 
•tain with hsmatoxrlin and eosin: mo«mt in balsam. 

Observe the polyhedral form of the epithelial cells lining the 
alveoli. A few such polyhedral cells can be demonstrated in the 
alveoli of the adult lung with silver staining^ and they correspond 
to the polyhedral cells of the terminal bronchioles. It appears 
that the plate -like cells lining the alveoli of the adnlt lung are 
derived from the polyhedral cells of the foetal lung, which become 
flattened from the distension which they undergo when the alveoli 
are inflated. 
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A hnman tooth is a (laluareonB structure of extreme Larduess, 
and is divided into an exposcii rrowti, a eoustricted neck, aiid one 
or more coacealiil roots — the latter being inserted into an alveolus, 
by means of which the whole is very firmly connected with the 
maxillary bone. 

The central portion presents an elongated cavity (palp-cham- 
bfr) containing vascalar, nervous, and connective tisane elements — 
the pulp. 

The pulp-cavity is surrounded by the dentine, which consti- 
tutes the major pijrtion of the tooth 

The crown portion of the dentine is provided with a covering 
of enamel, while the root is invested with an osseous cemenfum, 
or crHsta petmsa. 

A thin membrane, 1 ^ or less iu thickness — called the membrane 
«/ Xa.tmylh or the rutiaila — covers the enamel in early life, while 
the cementum receives a periosteal investiture. The vascular and 
nervous elements of the pulp obtain admission to the pulp-cavity 
by a perforation or foramen at the apex of the root. 

Tbt Pulp. — The ground-substauce, or stroma of the pulp, is a 
form of primitive connective tissue, gelatinous rather than mark- 
edly fibrous. It contains elongated capillary loops, multipolar 
cells, and medullated and noa-mednllated terminal nerve-fibrils. 

Surrounding the pulp mass, aud next to the dentinal wall of 
the chamber, we find a single layer of elongated wMi—odontoblaxtK. 
These are probably in communication, by means of processes or 
prolongations, with fibrous elements of the pulp. 

Dentine. — The dentinal stroma or matrix is made of fibrous 
tissue containing calcium suits, and is, next to the enamel, the 
hardest tissne of the body. The matrix is pierced with the dinli- 
nal cannls (extremely minute channels, only 5/* in diameter), 
which radiate from their beginning, next the pnlp-ehambor, 
toward the outer portion of the dentine. These canals branch 
and anastomose, aud are lined with an exceedingly thin den- 
tinal sheaih. 

Prom the outer extremity of the odontoblasts of the pulp nn- 
merous prolongations are sent which arc probably continued within 
the dentinal canals as the dentinal fibers. The dentinal cRmUs 
terminate exteriorly, by very fine lumina, in a system of irregu- 
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larly formed openings, infenjlobHlar spares, which are channeled 
in the oiiter part of the dentine. The dentinal terminal fibers are 
in connection with branched cells which otrcupy the interglobular 
spaces. 

The Enamel. — The part of the dentine above the neck of the 
tooth is protected by a covering of eHomel. The enamel consists 
of prisma, 4 m in diameter, nnited into bnndlea by a Utile cement 
substance, which pass in a direction nearly at a right angle to 
the surface of the dentine. They are of extreme density, contain 
little besides inorganic material, and in a vertical seotion the whole 
is traversed by parallel striw, not unlike the markings indicating 
tree-growth — the lines of Rrizitts. 

Cemeiiium. — The fang portion of the dentine is invested with a 
thin layer of tme bone, containing lacunce and canalieuU, but no 
Haversian canals. The i^ementum is provided with perieemen/um 
(periosteum), which forms the bond of union between the teeth 
and the prot^ess of the niaxillury bone. The bone-corpuscles are in 
connection, through the caualicuU, with the cells in the interglo- 
bular spaces of the dentine. It will be seen tiiat the eonueetive 
tissue elements, at least of the pulp, are in eventual histological 
connection with the bonp- corpuscles of the cementuni. 
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The illusIrstiODB given in text-hooks have been drawn fmni dried teeth, 
ground down to the requisitu thinness by tneana of eoninduta or emery wheels. 
This is a very tedious process, and is impracticnble with the student. If auoh 
specimens are desired, it will be sdrlgKlitu to purahaee them already mounted. 
They only give the skeleton of the orfi^n, all the soft tissues being destroyed 
by the drying and grinding. 

While dry specimens exhibit the plan o( a tooth, the soft tissues must be 
studied in sections made after the inor^nic eonstituents have been removed. 
Teeth immediately after eitraetion are to be treated in the same manner as 
described for bone. A one-siith per cent, chromic -oeid golntion, to which five 
drops of nitric or hydrochloric acid have been added, may be used. Let the 
quantity of liquid be liberal, and from time to time, say every three days, odd 
a feiF drops of the nitric acid. The decalciflcalion should proceed slowly, and 
may be complete in from two to three or foar weeks. The enrlhy matters 
will flr«t be dissolved fnim the surface. Watch the action carefully, ascer- 
taining the progress of decalcification by pricking a fang with a needle. If 
the acid be too strong, and the action too rapid, the whole may be destroyed. 
When the decalcification Is complete, a needle may be easily passed through 
the tooth, and sections may be made with the ra^or or knife, with or without 
■ microtome. The form will be preserved except oa regards the enamel; this 
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will be entirely diBSolved. The enamel prisms may be demonstrated by 
treating broken fragments with dilute acid for a short time only. 

Sections should be stained with carmine and picric acid and mpunted in 
glycerin. For the study of the development of teeth, foetal jaws may be 
treated as just described; and, when properly decalcified and hardened, should 
be infiltrated with celloidin, sectioned, and stained. 



TRANSVERSE SECTION OP PANG OP HUMAN DECIDUOUS CANINE 

TOOTH— DECALCIFIED (Fig. 92) 

Observe : 
(L.) 

1. Division into pulp, dentine, cementum, and perice- 
mentum. 

2. Line of junction of pulp and dentine. (If the elements of 
the pulp are intact, note the layer of deeply stained odontoblasts 
next the dentine.) 

3. External limit of dentine. (Note here the deeply stained 
granular line of Purkinje. This is the location of the interglobu- 
lar spaces. The deep color is due to the staining of the contents 
of their cells.) 

4. The striae of the dentine. (The dentinal canals and stained 
contents.) 

5. The laminated cementum. (The yellowish pink dots on 
the lacunaB.) 

(H.) 

6. Elements of the pulp. («) The layer of odontoblasts. 
(Note their internal processes connecting with other cells of the 
palp; and the external processes passing into the dentinal 
canals.) (h) The sparsely fibrillated character of the pulp- 
tissue, (c) Sections of vascular loops. (The nerve-elements 
may be demonstrated, particularly if the section be made near the 
apex of the root, where the fibers are meduUated. The terminal 
fibrillee are non- meduUated.) 

7. Dentinal elements, (a) The dentinal canals. (&) The 
dentinal sheath. (Better demonstrated in transverse sections.) 
(c) Dentinal fibers. (In transverse sections the canals are well 
shown lined with a membrane of extraordinary tenuity, with the 
fiber appearing as a central dot.) (d) Fine dentinal fibers near 
the outer limit, (e) Interglobular spaces. (An occasional cell 
may be made out in the larger spaces. They were formerly sup- 
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posed to coiitaiii a gelatinous material only. Xote the connection 
between these spaces and tlie termini of the dentinal fibers.) 

8. The cenientum. (n) The lacunae, (b) Bone-corpuscles 
in the last. (The canalieuli are not well demonfitrated here, as the 
tissue is very translucent and feebly stained. These minnte canals 
are better indicated in dried bone.) 

9. The pericementum. (Note its dense fibrillar meshwork.) 
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GLANDS 

A gland is an organ — frequently subsidiary to and located 
within other organs — whose cells manufacture from the blood pi-o- 
ducts to be utilized in the performance of some of the functions of 
the body, or waste products which are to be excreted. 

Simple glands are tubes or cavities, with connective tissue walls 
lined with epithelial cells, which are tfsually placed upon a base- 
ment membrane. Around, and in close proximity to the lining, 
is spread a plexus of blood -^capillaries. In compound glands , the 
simple glands (acini or alveoli) are enclosed by connective tissue 
in groups called lobules, and larger groups called lobes. The 
same connective tissue is continued to form a capsule over the 
outside. 

The essential parts of a gland are, therefore: 

1. A duct, or efferent conduit for the secretion. 

2. Parenchyma, or cells engaged in secretion. 

3. A blood -vascular supply. 



TUBULAR GLANDS 

The simplest gland-structure is offered in the form of a tube. 
Glands are, frequently, little more than tubular depressions in 
mucous surfaces. Examples are found in the uterus, and small 
and large intestines. 

COILED TUBULAR GLANDS 

Tubular glands are often greatly elongated, with the blind 
extremity coiled. This variation presents the simplest differentia- 
tion between the part of the tube which is secretory, and the duct, 
or drainage part. With this change in function of the different 
extremities of the tube will occur a change of epithelium. The 
cells belonging to the duct-end will usually retain the columnar 
form; while the actively secreting elements will become enlarged, 
more nearly filling the tube, and assume a polyhedral form from 
pressure. 

Examples have already been seen in the sweat-glands of the 
skin. 



SIMPLE ASD COILED TUBULAR GLANDS 
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BIlAXCnED TVBrLAR fil.AXDS 

With the hrnni-hiug of the duct- port ions of gland-tulmles, thi-rp 
nsaall; occurs n dilatation of the extremities into acini or alveoli, 
although pure examples of branched tubular glands are afforded in 
the gastric and uterine glands. 

The most nearly typical branching of gland-like tubnies is 
afforded by the tnbuli nriniferi of the kidney, or the system of 
tubes in the testicle. The tubules here pi-esent other featui-es 
IM'i-uliar to them, which will be referred to under the proper head. 



ACISOUS GLAA'DS 

The dilatation of branching tubules, referred to under the 
previous beading, results in the formation of acinous gluuds. 
They are formed by the subdivision of a main tube or duct, with 
repeated branching of the secondary tubules. Collections of ter- 
minal branches often result in globular masses, which are more 
or less perfectly isolated from one another by connective ttssne. 
In this way compound acini are produced, such as the pancreas, 
the salivary, raararaar>'. and buccal glands. 

The large compound acinous glands are also called compound 
nicfmose glands. Simple acinous glands do not occur iu human 
tissues. 

THE rjROTIIl GLASD 

The parotid, submaxillary, sublingual, anA buccal salintrt/ r/lnndii 
are typical glandular structures, with individual peculiarities only 
iu respect to the cell-elements ; these vary according to the nature 
of the secretion formed in eacji. 

The parotid is a compound acinous gland, leading from which 
ia a principal duct — lined with tall columnar cells — which collects 
the fluid saliva from the different divisions of the organ. 

As the duct penetrates the gland it branches freely, the lumina 
becoming smaller and the cells shorter as the deeper parts are 
approached. 

Each terminal duct is in connection with several acini. The 
connective tisane ndventitia of the duct becomes the thin wall of 
the acinus, and the lining cells broaden, frequently become poly- 
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hedral, and are bluntly pointed. The cells so nearly fill the acioi 
as to leave a small and not easily recognized lumen. 
The gland is richly supplied with blood-vessels. 



TBE SUBMASILLART GLAND 



The subinasillary is presented as an example of a typical mixed 
gland. The general arrangement is not unlike that of the other 
salivary glands. Its peculiarity appears in the parenchyma, and 
will be noticed later. 

Pui-e mucous glands are found in the submucosa of the mouth, 
tongue, fauces, trachea, and the larger bronchi. 
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The histology of the pancreas is, iq general, that of a true 
serous ijtnnd, like the parotid. It has been called by physiolo- 
gists the abdominal salivary gland. 

The lobules are more tubalar and less regular in size ond 
form; aud the lumen of the acini is much less easy of demon- 
stration, ill nu ordinary hardened section, Iban the same in Mm 
■ parotid. 

H The branches of the pancreatic duct are provided with a very 

H thick advcntitia, are lined with short columnar cells, and seldom 

H present the dilatation which generally occurs in a serous gland on 

H entering the lobule. 

L 



146 STUDENTS BISTOLUGT 

I-AROTID AXD St'BMAXILLARY GLANDS, AND THE PANCREAS 

Frarlical Dmionttratian 

The tistsiie must he fresli, divided in small pieces— uot larger tliiin a ceuti- 
meter cube — and hardened bj- placing iu ninety- Bve per cent, alcohol for twelve 
bourn, aCter which freeh spirit should be substituted. If, after the lapse of 
another twelve hours, the ti»<sue Hbould not be aiifflcieotl; firm, it should be 
placed in a small ciaantity of abaolute alcohol for three boura. Seetinne should 




A. Wkll of > larce due 

B. Thf louswhBt cnbli 

C. Arteriet. 

D. Lnmni ot the ulul, 

E. Terminal duel leivl 



^V b« made immediately after hardening — bs n 

H spirit will cause the tissue to contract. 

H Sections may be cut with or without a s 

^^ being IMn rather Ihaa large euU. 

^1 Stain lightly with hematoxylin and deeply with eoain. 

^H After sections of hardened tissue have been examined, the glandular 
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pM«neh7iiia ma; be profitably etndied in teiwings from tiissae trhioh hu been 
in Mllller twouty-four hours, Wssh tliB teflginfrs oa the slide with n liberal 
Kiiiiply of water, removiug the same from time to time with blotting- palter. 
Aiiil a drop o( biematoxylin solution; and, afler washing Ihia away, add n drop 
of (flyecrin, and cover. Thia method is very generally useful for tensed or 
wraped fragments of glandular 
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1. The connective tissue. (Most nlmiuJniit in the pat^tul 
gland, and least so in the panereas.) 

2. The ducts. (.Note the flattening of the lining columnar 
cells, as the duetH approach the acini, until mere scales ri-snit. 
Also the thick connective tissue adventitia, csiH-ciiill.v di'niciiisiniltl<> 
in the pancreas.) 

3. The lobules. (These are formed by several acini, nnd are 
most typical in the parotid. It inuat l»e remembered that only one 
pliiiie is visible, and that tliciv is little perspective.) 

■1. The acini. (Note the lumina— large in tlie submaxillary, 
less so in the parotid, and least, and ottvn diHiciiIt to make out, 
in the pancreas. 

■*i. The blood-vessels, muscular and adipose tissue. (The 
two latter an; dcmnnstrable only in tlie salivary jjhuids, and do not 
beionif properly to the gland itself. The capsule of the pancreas, 
in common with snch stnictures in general, contains adipose tissne. 
The abundant interacinoua rapillarj" plexuses of the pancreas 
nviuire the high-power for satisfactorj' demoustmtion.) 
(H.) 

6. The parenchyma, (ir) The small hut distinct shortened 
columnar cells of the acini of the parotid. (Obsen-e that they 
are fretinently so formed that the convexity of one cell fltn into the 
concavity of its neighbor. Where seen in tnuisverse section, the 
outline is a polygon. Note especially the change in the paivnchy- 
niatons elements as the terminal duct merges inti> an acinus.) 

(ft) The large, swollen cells of the mucous acini^siibinuxil- 
lary. (Observe the eompniTitive clearness of Ihe cells. They 
contain a very delicate reticulum, and tlieir nuclei are often 
obscured and fi-equently seen to W placed at the junction of the 
cells.) 

(c) The rounded, often pijyhedral cells of the pancreas. 
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(They resemble the parotid elements, although smaller and less 
granular. The acini are more tubular than in the parotid gland. 
Even with the low- power one may distinguish small, rounded areas 
(railed the bodies of Langerhans. They are probably groups of 
immature acini.) 

(c/) In the smaller ducts of the parotid and submaxillary glands, 
notice that the lining epithelial cells have vertical striations at the 
outer border. 

The sublingual gland in man is an almost purely mucous 
gland. The parotid is purely serous, and has a secretion of that 
character. It is reckoned as a true salivary gland. The submax- 
illary, having elements of both kinds, is called mixed. In the 
serous glands, when the cells are filled with secretion, they appear 
large, with fine granules. After discharge of the secretion they are 
smaller, dark, and granular. The cells of the mucous glands may 
l>e found large and clear, or after discharge of the mucus, also 
smaller, dark, and granular. At the borders of the acini of the 
mucous glands there may be seen crescent -shaped groups of granu- 
lar cells, the demilunes of Heidenhain. 



THE THYROID GLAXD 

The thyroid gland is a compound tubular gland. The tubular 
acini are 40 to 120 ft in diameter. Loose connective tissue miites 
them into lobules and lobes, and forms a covering for the whole. 
The acini are closed cavities. They are lined by low columnar or 
(cubical epithelial cells. The cells are limited by a basement mem- 
brane. The acini are usually filled with homogenous, yellow, 
translucent material, called the colloid substance, which is formed 
by the epithelial cells. The blood supply is abundant, and a rich 
capillary network surrounds the acini. 

The lymphatic network is also profuse, and the characteristic 
colloid substance may be found within the lymphatics. Nerve- 
fibers are not numerous. They are mostly non- medulla ted, derived 
from the sympathetic. Although the thyroid gland of the adult 
has no duct, in the embryo it has one — the thyro-glossal ducfy 
which has an opening coiresponding to the foramen ca?cum, near 
the base of the tongue. Later on, this duct becomes obliterated 
for the most part. 
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THE MOCTil AM) PHARYNX 

The moufh cavity is liued by a iimooiia inemltrane, conBtsting 
of H stratified squamous epitbeliuin and n eonuective tissue layer 
l)eiow it. Tbe connective tissue layer posseBses minute papiUtt! 
resembling those of the skin. Numerous mucous glands open 
into the oral cavity, as well as the salivary' glands. 

The toHifue, which is composed chiefly of sti-iated muscle, ex- 
hibits on its upper surface very large papilla. These papitln^ are 
of three sorts: (l) Filiform, or conical; (2) futtgi/oroi, or those 
having a constricted base, and (3) circumrttllatf, which ai-e only 
eight or ten in number, arranged like an Inverted V, at the back 
of the tongue. The last variety are large, fungiform, ajid sur- 
rounded by a depression, outside of which is a wall-like elevation. 
Timte-liiuls are flask-shaped collections of epithelial cells, special- 
ized for the perception of taste, and supposed to be connected with 
nerve-fibers. They occur at the sides of the cii-cumvallate papilla^ 
and elsewhere on the tongue. They are most easily studied in 
sections of the papillae foliatiH of the rabbit, which arc symmetrical, 
oval areas, marked with parallel ridges, at the back of the tongue. 
There is an abundance of lymphoid tissur at the back of the tongue, 
either <liffused or occurring as distinct spherical Ij-mph-follieles. 

The tonsils ai-e large collections of lymphoid tissue, containing 
numerous denser spherical masses, lymph -foHirlfs. Stratified squa- 
mous epithelium covers tlic free surface of the tonsils and lines 
certain blind depressions into the tonsils (crypts). The epithelium 
is more or less infiltrated with Ijinphoid eclls. which enter it from 
the underlying tissue. The attached surface of the tonsil is covered 
by a connective tissue capsule, which forms an advenljtis. 

The so-oalled salivary corpuscles are lymphoid cells which have 
ps<?nped and become mixed with the saliva. 

The structure of the pharynx is nearly like that of the mouth. 
Only the lowi-r division, however, is liued with stratified squamous 
epithelium. The portion above the level of the soft palate is cov- 
ered with stratified columnar epithelhim, which is also <!iliated. 
indicating its connection with the respiratory tract. The mucous 
membrane of the pharynx also contains mn(>ous glands and lym- 
phoid tissue. A mass of lymphoid tissue oi-cupyiug a position in 
the upper part between the Eustachian tubes is callwl the jihuryii- 
Sml tonsil of Luschka. 
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THE (ESOPHAGUS 

Beginning with the oesophagus, we encounter an arrangement 
of layers of muscle and fibrous tissue, constituting the walls of a 
tube, lined with raucous membrane, which continues throughout 
the rest of the alimentary canal. The part of the tube below the 
oesophagus possesses in addition a serous covering, derived from 
the peritoneum, on the outride. 

The walls of the oesophagus are made of the following layers 
from within out : Mucous, muscularis mucosae, submucous, mus- 
cular, and fibrous. 

The mucous membrane is covered with stratified squamous epi- 
thelium, resting on a layer of connective tissue, which presents 
minute papillae. 

The muscularis mucosce consists of a small amount of unstri- 
ated muscle, lying below the mucous membrane. The fibers run 
longitudinally. 

The submucous layer is composed of loose connective tissue, 
which accommodates itself to the contractions of the muscular 
portion, and permits the mucous membrane to be thrown into 
folds. The blood-vessels, lymphatics, and nerves are distributed 
through the submucous layer to the other structures. Mucous 
glands are found in the submucous tissue. Their contents reach 
the surface by means of ducts. 

The muscular coat consists of an inner layer, fibers of which run 
in a circular direction about the oesophagus, and of an outer longi- 
tudinal layer. In the upper third of the oesophagus the muscle is 
striated, in the lower third it is unstriated, and in the middle 
third the two kinds are found mixed. 

PRACTICAL DEMONSTRATIONS 

Tke tongue, taste -buds, tonsils, and oesophagus should be studied in this 
connection. The taste -buds may easily be obtained in sections of the papillae 
foliatie of the rabbit's tongue. The tongue itself should be secured frora one 
of the lower animals, and sections that pass through the papillcB should be 
sketched. The papillas make beautiful objects in stained sections. The ton- 
sils of a human subject should be used. The sections of the tonsil must be 
very thin. The oesophagus may be taken from one of the lower animals. 
These tissues may be hardened in alcohol, or, better, in Orth's mixture of 
MtUler's fluid and formaldehyde. They may be cut, stained with haematoxylin 
and eosin, and mounted in the vsual manner. 
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THE STOMACH AND INTESTINES 

The stomach and inteHtiues are lined with mucous membrane; 
i.e., a membrane containing epitlielial cells, usually of the columnar 
variety, which secrete mucus. 

The gastric and intestinal walls are constructed as follows: 

1. The epithelial lining. 

2. I7ie mucosa. 

3. The muscularis mucosa. 

4. The siibmHcom. 

5. The muscular walls proper. 

6. The fibrous or peritoneal investment. 

In descriptive anatomy, the first three of the above are included 
in the mucous coat. 

The epithelium of the inner surface of that portion of the 
alimentary tract under consideration is of the columnar varietj'. 
Variations occur in the deeper layers, which will be referred to 
later on. 

The mucosa, with its epithelial covering, is thrown into coarse 
folds, rugie or valve-like reduplications, which greatly increase the 
extent of surface. It contains the principal glands and capillary 
blood-vessels. The epithelial lining is usually considered as a part 
of the mucosa. 

The muscniaris mucostp is a thin layer of involuntary' muscular 
fiber, which separates the mucosa from the submucosa. Some of 
the cells run in a longitudinal and othei-s in a circular direction. 

The submucosa, composed of loose areolar tissue, serves to con- 
nect the previous structures with the muscular cqat proper, and 
contains the larger trunks from which the capillaries of the mucosa 
take their origin, or into which thgy empty. An intricate plexus 
of IjTnpliatics is also situated here. 

The muscular coat consists of strong bands, running chiefly in 
two directions, corresponding to an inner circular and an outer 
longitudinal layer. Near the cardiac end there b an imperfeoily 
developed oblique layer. The muscle-plates m-e sustained by con- 
nective tissue. 

A peritoneal investment covers the organs, except at such points 
as are occupied by the entrance and exit of blood-vessels and lym- 
phatics through the mesenteries, with a few exceptions. 
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THE STOMACB 



The mucosa everj^whei-e contains mieroseopical depressions, thu 
gusfric titbitles or ijlniids. These are concerned in the production 
of tlie gastric jaice. 

The several layers of the stomach may be better understood by 
i-eference to the diagram (Fig. 100). 

The gastric tubular glands are of two principal \arietieB; viz., 

1, the pepitr glands fonnd in the caidiac portion of the stomach; 

2, the pyloric qlatiils which oicnpv tbu pvlorit cstrtmity of the 
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[organ. The mueoua membrane, midway between the cardiac and 
pyloric portions, is occupied by tnbules which partake of the 
chara''ter of both peptic and pylorie glands, so that no sharp 
boundary line exists. 
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The pf ptie or eai-diac glaml -tubes penetrate to the luusciiluriK 
niuedsap. They pm-sue a somewhat wav-j- eoiirse, and at their lower 
or blind cstremitj- are frequently bifid. They are lined at their 
«ommenee»ient ou the surfai-e with Irauslueent eolumtiar epithe- 
lium, the eells being polyy;oual in ti-aat-verse section, As the 
fundus or bottom of the tube is uppmarliM, the lining cells become 
granular. lar^>r, and somewhat polyhedral. Next the wall of the 
tube large, granular, bulging eells are scattered irregnlarly. The 
epithelium occupies the major portion of the space in the tube, so 
that the lumen is very small. 

A single bifid tube is represented in Fitr. Hll. The prominent 




distinguishing feature of the p#iitic or i-ardiae tubules is affordeil 
by the large honler ar parittnl nlh. The cells next the lumina ai-e 
called ceiitrtil or rhirf clh. 

The pyloric gland-tubes pursue a course not greatly unlike thst 
of the tubes just mentioned. They do not branch, however, until 
they have penetrated well down toward the muscularis ni»i<josa*. 
Their difitinguishing character is nfr.nilcd by the epithelial lining. 
At the surface, the cells are iiiluniiiiir, with polygonal truiiseetion. 
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The deeper parts are lined with translucent cylinders. The lamina 
are larger than those of the peptic tubes. 

The gastric gland -tubes are placed thickly side by side, their 
bases reaching the rouscularis mucosae. Between and beneath the 
tubes is a dense network of blood -capillaries. 

The remainder of the stomach has little special interest for the 
histologist. The muscular portion of its walls consists of a thin 




Fio. 102. Vertical Section op Tortuois axi> Branching Tubular Gland, 
FROM Pyloric Mucosa op Stomach. Diaorammatic. 

A. Lumen. This is often mncli widene<l. 

B. Duct portion of tubule. 

C. Branching glandular portion, or fundus. 
I). Transverse section of the fundus. 

E. Ijower limit of mucoK.'i. 

internal circular layer, with (>bli((uo bundles interspersed, and a 
thin external longitudinal layer, both being of the involuntary 
variety. Between the two layers is found a plexus of non-medul- 
lated nerves, corresponding to the plexus of Auerbach, and another 
in the submucosa, corresponding to the plexus of Meissner of the 
intestines, but they are not usually demonstrable by ordinary 
methods or sections. 

The blood -supply is received at the curvatures. Branches 
penetrate the muscular layers along the lines of omental attach- 
ment, as blood-vessels never penetratt* the peritoneum. 

The peritoneum is constructed mainly of fibrous tissue, with an 
external investment of endothelium. 
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PRACTICAL DEMOXSTRATIOK 

Inasmuch as the liumaa Htouacli cnimot often b« obtaioed antit decompo- 
sition has destroyeJ it (or our work, we must secure the organ from some one 
of the lower nivlmBlB. The stonmch of thp dog presents sll the hiMologivnl 
features of that of maD, and cnn lie obtained in good condition from an nnimni 
recently killed. 

Harden small pieces in strong alcohol, and out aeotiouB at a right angle tu 
the iiurtace and from different regions. Stain with htpmatoiylin and eoain, and 
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VERTICAL SECTION OP WALL OF CENTRAi, PORTION 
OF dog's STOMACH (Pig. 103) 

Observe: " 

(L.) 

1. The division iuto: (a) Surface epithelium (frff vmls uf 
glaad-tabes). (t) Mucosa. ('■) Muscularis mucosae. (J) Sub- 
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TiuN or Wauu or Cehtiui. Pobtiok or Uvo'b Stomack. 
•wine onea inaailia of Uia (utric mbnlas. Ibwd wlib ciMr mlBin. 
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mucosa, (e) Muscular layers. (Only a portion of the inner 
circular layer is shown. It has been divided transversely.) 

(H.) 

2. The epithelium of gland-tubes. (The upper portion of the 
tubes will be cut obliquely in many places, as they have been 
inclined, and the epithelium will show as a beautiful mosaic of 
polygonal areas.) (a) The differentiation between border and 
central cells. (6) Tubes cut transversely, showing the lumina. 
(c) Indications of the capillary plexuses between the tubes. 

3. The mucosa, (a) Arterioles and venules beneath the 
tubules. (6) Scattered lymphoid cells (round cells with one, two, 
or three nuclei). 

4. Lenticular glands, masses of adenoid or lymphoid tissue at 
the bottom of the mucous membrane, chiefly near the pylorus. 

5. The muscularis mucosae. (Note the elongated nuclei of 
the smooth muscle-cells.) 

6. The submucosa. (a) Arteries, veins, etc., cut in various 
directions. (6) The adipose tissue. (Fat-crystals are frequently 
seen in the cells when freshly mounted.) 

7. The muscular bundles of the circular layer with the septa 
of connective tissue. (Note particularly the various appearances 
presented by bundles of involuntary muscular fiber when cut in 
different planes.) 

8. Groups of ganglion cells belonging to the plexuses cf Auer- 
bach or Meissner will occasionally be seen on very careful 
examination. 

SMALL INTESTINE 

The histology of the intestines, both large and small, is formed 
upon the general plan of that of the stomach. The same layers 
are presented: the mucosa, with its epithelial covering; the mtiscu' 
laris mucoscB; the submucosa; the muscular and peritoneal coats. 

The mucosa of the small intestine is everj^where pierced by 
blind depressions; and the surface is studded with minute eleva- 
tions or papillae, between which are the depressions whicJi corre- 
spond to the tubules of the stomach. The elevations are called villi, 
the depressions between the villi, the crypts of Lieberkiihn. 

The small intestine serves two important functions: 1. The 
secretion of a fluid, one of the digestive juices — the succus enteri- 
cus. 2. The absorption of food, especially the fats or hydrocarbons. 
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[ view the histolngy of this ni-gan fi-om a physiologic^ 
Btandpoint, eousideriug: (1) Thnsr slrurluren roucfnied in the 
srrrHhil of the mirnis enttrkua; (2) T/wse portions concerned in 

ahHorptkm ■>/ fo...l. 



HlSTOMJIiy OF THOSE PARTS OF THE FiUALL INTESTINE PABTK'U- 

I,ARLY rONCEBNED IS THE PRODUCTION OF THK 

SUCCrS ENTEHICrS. 



The dingram ( Pig. 104) ia intended to represent at A the thiek- 
nesa of the mucosa with its pupillary elevations — the villi. The 
muscalaria mncoste B, from whieh the villi arise, separates the 
tniiL'osa from the siilmiueosa C. The horizontal line nt Ihe bottom 
of the diagram indicat^'K the outer limit of C and the beginning of 
the circular muscular coat of the intestine. The rilli, everj"where 
covei-ed with columnar epithelium, often containing goblet-cells, 
are represented in the drawing as widely separated. The crypts of 
Lieberkiihu, which are lined by columnar epithelium, open between 
the prominences. In the interior of each villus is a hnn network 
of hlitotl-cnpilhirirs (O, G). (lu the specimen from whieh the 
sketch was made the blood-vessels hail been injected with eolonnl 
gelatin to make them prominent.) The cells ou the Imniers of 
the erj-pts secrete certain fluid material from the blood pireulat- 
ing in the capillary plexuses, and pour it out into the cry-pts ; 
the crypts l>eeomiug filled with the fluid, the latter overflows and 
passes into the lumen of the gut. to act in promoting di^stion. 
This ia one source of the snccus entcricus, and there is yet auother. 

Between the bases of some of the villi, tubes or ducts will be 
found which, piercing the musculariu mucosae, reach the sub- 
mueosa, where they braneh, Iieeome convoluted, are lined with 
secreting cells, and ore known as the glntuli of Brvnnrr. They 
occur in the duodenum and are continuations of the pyloric glands 
of the stomach. These glunibi are surrounded by blood -capillaries, 
and tile gland-cells secrete a flnid which is poured into the giit 
between the villi, when it lyeeomeB mingled with the secretion 
previously mentioued, aud constitnles a part of the iMircii.i 
entericus. 

We have, then, seen that the Boccus enteriens is secreted partly 
Jrom the fpilhflia} felh linini/ tin- rriiptn of Liehrrkiihn, and /Mirttj/ 
from tlie, alls of Ui-nnmr's tjhimU. 
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a. D. Villi. 
CiTpU of Lleberki 
Bluod-til^oBeB of 

H. Larie Tfitrli < 



supplylnc 1lj« ^fllbehmL 



THE BEMAINIXG STKUCTUEES OP THE IXTESTIXE CONCERNED 
MAINLY IN POOD ABSOKPTION 

The diagram (Fig. 105) is intended to show the same layers as 
were indicated in the previous figure (Brunner's glands and the 
blood-vessels have been omitted in order to avoid toufusiou). The 
villi are represented much shortened. 
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a the center of eatih villus is tliu Miiui tube G, ti, a part of the 
Ij-mpliaHc system, atid here culled a laeleal. When, during diges- 
tion, the minute globules of fatly food i-each the small intestine, 
they are gi-asped by the epithelial eells (.'overing the villi, and are 
carried eventually within the body of the villns to this lacteal. 

The fairteals pierce the uuseularis mucosie, and in the submu- 
cosa ai-e in eoiineetiou with a. pli-xim of Ij/mjikiifif tubes nwd stiacts. 
They eventually unite with fffn-i'Ht lymph-tiibtn, J, which open 
into the lymphatics of the mesenterj'. 

Connected with the plexus of lymphatics in the submueosla are 
minute tiodnlen of lymphoid or adenoid tissue, which have unfortii- 
uately been called lymphatic glandi. They are in no sense glands. 




tia. IDS. DlAnRAU B 



p. V. Cmrti or Uebrrki 

a. o. L«i»ii. 



I( at Ihc Irmpliiilenu at lb* nljnaraMu 



i. Efferent lKlHloTlrm[>hi]|»(. 

Slit up a imrtion of intestine along the attached border, and 
carefully examine the inner surface: it will present a velvety 
appearance, due to the minute villi. You will also find little 
nodules, perhaps one or two millimeters in diameter, scattered here 
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and there in the mucous coat. These are the lymphatic nodules 
alluded to above — the so-called solitary glands. One of the nodules 
is indicated in the diagram at I, with its point projecting between 
the villi at F. 

Continuing your examination of the gut, you will discover, 
especially in the ileum, roughened patches perhaps five to ten 
centimeters long by one to two centimeters broad. These are 
collections of the lymphatic nodules described in the last para- 
graph, and are termed agminate glands, or patches of Petjer, They 
have no secretive power, being simply in connection with, and a 
part of, the chain of lymphatics in the walls of the intestine. They 
consist of lymphoid or adenoid tissue, which will be described 
with the lymphatics. 

To recapitulate, the small intestine presents the following: 

1. The ihIU, each containing a plexus of blood -capillaries and 
the lymphatic or absorbent vessel. 

2. Crypts or follicles of LieherlxiiliH . 

3. Brunner^s glands. 

4. Solitary lymphatic nodules, the so-called solitary glands. 

5. Agminate lymphatic nodes, agminate glands or patches of 
Peyer, consisting of aggregations of lymphatic nodules similar to 
the solitary lymph -follicles. 

The muscular part of the intestine is arranged not unlike that 
portion of the stomach: t. e., with an inner circular and an outer 
longitudinal layer. Between the two is located Axierhach^s plexus 
of non-medullated nerves. A similar plexus, Meissner^s, is found 
in the submucosa. The ganglia may rarely be seen in ordinary 
sections. 

A small quantity of areolar tissue connects the external longi- 
tudinal muscular layer with the peritoneal investment. 

PRACTICAL DEMONSTRATION 

The intestines of the dog or rabbit are more commonly used for practical 
work, for reasons already alluded to. The tissue should be cut into small 
pieces, and hardened quickly in alcohol. When human intestine can bo 
obtained fresh, a piece, say three inches long, should be emptied of its con- 
tents, filled with alcohol by tying the ends, and the whole hardened in strong 
spirit. Under no circumstances should the gut be washed, and great care must 
be taken to avoid injuring the delicate cells covering the villi. Vertical sec- 
tions with the microtome are the most valuable. Stain with heematoxylin and 
eosin, and mount permanently in balsam. 
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VERTICAL SECTION OP THK ILEUM, INCLrDtNli POBTIOX OF A 
PATCH OF PEYER. UlTMAX ( Vide Fig, UMi) 

Observe; 
(L.) 

1. The villi. (") That they arc of varying lengths, slender, 
wavy and delicate, ib) The covering of columnar cells. (The 




iSD EosiK (X350). 



n. D. U. NodnlH nf Irmpbnld 



free extremities of many of the villi in the drawing are seeu 
broken, and the epithelium is wautln? in plaeee. It is almost 
impossible to secure perfect villi from human intestine, on aeeount 
of the length of time usually intervening Iwtween death and the 
removal of the tissue.) (c) Oblique sections. 

2. The crypts of Liebcrkiihn. 

•). The lymphatic nodules (so-called solitary glands), eoni^ti- 
tutiug the eleiiicuts of a piitch of Peyer, (u) Their projection 
upon the mucous surface of the gut between the villi, (ft) 
The covering with epithelium on their free borders. (They are 
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located, properly speaking, in the submucosa and between the 
villi. In the drawing, their bases do not all appear in the sub- 
mucosa,* inasmuch as the nodules are cut in different planes.) 

4. Muscularis mucosae. The elongated nuclei of the involun- 
tary muscular elements. 

5. The submucosa. (a) The blood-vessels, (ft) L3miph- 
spaces. (L>Tnphatic channels are very irregular in form and size, 
and are often mistaken, in sections, for ruptures in the connective 
tissue. The stained nuclei of the endothelial cells, with which all 
lymph -channels are lined, will enable one to differentiate.) 

(H.) 

6. The villi, (a) The covering columnar cells. (6) Goblet 
cells scattered between the last. (These goblet or mucous cells 
are well shown in the intestine of the dog or rabbit.) (c) The 
lacteals. (These are not plainly demonstrable, under ordinary 
circumstances, in human tissue. Sections from the gut of a dog, 
killed during the active digestion of materials rich in hydrocarbons, 
will show them filled with minute fat -globules.) (d) The basis 
tissue, a fibrous reticulum containing many lymphoid cells, (e) 
Portions of the capillary plexuses. 

7. Blood-vessels of the mucosa below the villi. 

8. The lymphoid or adenoid tissue of the lymph-nodules. 

Mount al^ sections of (1) Duodenum, to show Brunner's glands, which 
occur there only. (2) Large Intestine (human), which has no villi nor val- 
vulfB conniventes. The crypts of Lieberkiihn and solitary follicles are abun- 
dant. (3) Vermiform Appendix ( human ), observe the abundant lymphoid 
tissue. 
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This great gland is covered with a fibrous membrane — tiie cap- 
suli- of Olisson. The eapsule is covered with a single layer of ir- 
ref;ularl,v shaped, flat endothelial cells. 

Prolongations from the flbrons, visceral portion of Ulisson'H 
capsnle penetrate the organ from every side, and divide the entire 
struL'ture into cimipartments — the lrihnles. 

The hi'patic lobules are in-egularly polygonal In transverse sec- 
tion, and somewhat ovoid vertiiiolly. They are nbout two milli- 
metci-a in diameter. 

Li't ns first esamine the general plan of the vast^ular arrange- 
ment, and later, the minute stnictnre of the lobular parenchyma. 

The hepatic blood-supply comes from two sonrces: 1. The 
venous drainage collected in the portal vein. 2. The arterial snp- 
ply, provided from the aorta by the hepatic artery. The portal 
venous hlood is filtered through the liver iDet«ad of passing directly 
to the ordinary destination of venons blood (the vena cava), in 
()rder to contribut* certnin fw-tors to the processes of digestion and 
mctalMjlism, wliile the smaller arterial supply is distinctly nutritive. 
Tlie hrjMitir ilnrt is the common excretory condnit of the bile after 
its formation by the parenchyma of the liver. 

The Bi-heme of the orgau will be understood by reference to 
Fig. 107, which ia purely diagrammatic. 

The portal vein enters the liver at the transverse fissure. It 
divides and Bul>divides: and, reaching every part of the various 
liil>es, the terminal twigs are seen in the eoDnective tissue of tint 
walls of the lobules. 

Branches fmm these termini of the portal or intertobHlar rfing 
penetrate the lobular areas, and immediately break up into capil- 
laries, which form an intricate plexus throughout the lobule. The 
blood from these cjipillaries is finally collect^nl into a cftilrat or 
intralobHlitr win. by means of which it is immediately drained from 
the lobule. 

The central veins from a varying number of the lobnles unite 
outside of the latter, forming the beginning of the hepatic or so- 
culled sublobular veins; and sublobular veins from various lobular 
areas unite, forming severai (six or seven) large hepatic veing, which, 
passing in the connective tissue framework, finally drain the blood 
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from the organ and pour it into the asceuding cava as it lies pos- 
teriorly in its Assure. 

The hfptilic artery also penetrates the transverse fissure. It 
aecompanie^ the portal vein m its ramifleations, giving off nutrieni 
twigs to Ihe contifcUve tissue fmmeworJc and to the walls of the ves- 
sels. The terminal branches, verj' njinut«, pour any remaininff 



THF. UVEIt 



IG5 



blootl into tte venons plexus nt the margin of the lobulps, time 
piin'iiiiiig arterial blood for the lobiilar pftrent'hynia. 

The hfpiitw (liiri is also seen emerging from the trausverde fis- 
sure. (For the sake uf eleamt-ss, we will trace it from without in- 
wai-d.) It follows the eourse of the portal vein with the hepatic 
artery. Wherever in a sw^tion of the orgau the portal is divided, 
tlm arterj- and durt will also appear. Bound together with con- 
neetive tissue, the trio n-ai-b the walls of the lobules. The dunts 
now penetrate the lobule and break up into an exceedingly niiuute 
plexus — the hiU-niiiiUiirim. This plesus properly brgins in the 
lobults and drains the bile as formed, passing it into the duets in a 
direction opposite to the portal blood -current. 



THE PfiRTAL CANALS 

If it were possible to grasp the vessels as they are found emerg- 
ing at the transvei^e fissure, the portal vein, hepatic artery, aiid 
hepatic duct, and to forcibly tear theu, with their supporting con- 
nective tissue, out of the liver, a series of channels or canals would 
thereby be formed. A jtotiut ntntil, then, ig it sjmri' in tkf Itrrr 
orciipieit bg brmiehfi of the jxirtal vfin, thr hrpnttr ttrtrrg. and the 
hfixUif durt, and Ihf rnnUijHouu rtmncrlivi' lisnui'. Frequently more 
than one spetHmen of each vessel ia to be seen in a canal. There 
may lie two or three veins, au<l as many arteries and lincts, asso- 
ciated in a single portal canal. Lymphatic chinks ai-e also abun- 
dant in this connective tissne. 

From what has been said, it will be understood that a tvgsel 
found by ilself in this organ mu.il }>e tilher an inlraMnilnr or a 
hepnfir rein; and these are eaj^ily distiu^ished, as the foririer are 
within, while the lattfr are irilhoHt the lobtiles and in the connec- 
tive tissue framework. On the other hand, a ijnmp uf rritxrU a-ill 
indirntr n portnl ritniil. with irs large and thin-walled vein, the 
small tJiiek-walled arler>-. and. intermediate in size, the duot. 



THE UUtCLAK VMCESCHYHA 

The lobules consist of two capillar}' plexuses, one containing 
IiI'khI and (he other bile. In the meshes of this network, iho 
hepatic cells are lotrated. 

The bliHxl-CHpillaries, although extremely tortuous, have a gen- 
eral dire<rtion of eoiiverjfence toward the central veins. This is 
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beat seeu wheii the lobules have been divided in a vertical di- 
rection. 

The bile -capillaries are among the smallest canals found in vas- 
cular tissues, having a diameter of only 1 to 2 /a. They pursne ft 
direction in the human liver, as a rule, at rigM anylrs to the eoarst 
of the blootl-capillarifs, and are not demonsti^ble, except with 
cousiderable ompliflcation, say X 400, and then only in the 
thinnest portion of the sections. They are, properly speaking, 
merely minute channels in the parenchyma, and have, it is 
believed, no wall. 

The hepatic cells are pohhedral about twice the size of a white 
blood -corpuscle, say from 20 to 2o /* in diameter, usually with a 
single nucleus and with granular protoplasm, frequently contain- 
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ing minute fat-droplets and granules of yellow pigment. The ex- 
istence of a definite limiting membrane has been questioned, as far 
as the cell of the human liver is concerned, althoug^h such a 
structure can be shown in many of the lower auimals. 

The physiological plan of the intralobular structure is expressed 
in the diagram. Fig. lOS. The blood is brought into relation with 
the lobular parenchyma — the hepatic cells — by the capillary plexus, 
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and the elements necessary to constitute the bile are Hclected and 
carried on, to be drained away by the bile-capillnries and-duet-s. 



PRACTICAL DEMONSTRATION 

It ia bpst to begin wilh the liver from a pig. The amount of cnnneptive 
tissue in the norm&l human livttr ia very Binall, and ia mainly confined to the 
support of the interlabnlar ressela; the boundsriea nf the lobnlea are, there- 
fore, poorly defined, ami -without the previous observstion of some well outlined 
Bpepimen the stuilent frequently gels but an imperfect notion of the plan of 
the human or^nn. 

Piecea of liver, any a centimeter square \iy hulf a eeolimeter thick, are 
hardened by twenty-four hours' immerfion in strong aleohol. Larger piei^es 
muy be prepared with Miiller'a fluid. Sei-tions should be cut with a miorotome, 
care being taken to invlude some of the medium-sized porttil canals. The 
portal vein, with its accompanying veaaela, nay be easily distinguiBhed from 
the solitary and less frequent branches of the hepatio veina. The elements of 
these canals, and especially the larger one^, are beat kept intact by infiltration 
of the tissue wilh eelloidie; but very fine eecliona nay, with care, be made 
from the alcohol -hardened tissue. Even free-hnnd cuts, after sone degree of 
skill has been obtained by practice, will answer very satisfaetorily. Stain with 
hrmatoiylin and eoain. 



SECTION OP UVEE OP PIG. CUT VEHTICALLY TO AND 
INCLUDING THE CAPSCLE OP GLISSON 

Observe: (««■ iw) 

(L.) 

1. The capsule of Glisson, C. (Note the prolongations sent 
into the organ, which divide the entire stmi-tnre Into im'gulurly 
polyifoual areas — if divided transversely — and elongated, verti- 
cally-sectioned areas — the hcpntii! lolialeB.) 

2. The central (intralobular) veins, V. V. (Note that the figure 
formed by the division of the veiu varies according to the direi>tiun 
of the cut, a cinde, oval, or elongated slit, as the lobules have 
been sectioned tmnsversely, obliquely, or vertically.) 

3. The hepatic veins, H, V, (Those shown in the section are 
undoubtedly sublobnlar. It must be remembered that imb applied 
t<i these vessels is mittleadint;, as the lobules are situated on every 
fiide, as well as above the snblobnlnr veins. ) 

4. The portal canals, P. C. (Even the smaller ones. I, I, are 
readily differentiated from areas containing hepatic veins, inas- 
mu"h as a •jrnup of vessels can be distinguished — the hepatic 
veins mnning alone.) 
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5. The portal veins, V, (Oliservi! tlmt they iiBimlly are the 
largest vessels in the uaiials. Note their thin walls. They not 
infi-eqiiently eoutaiu blood-clots, with deeply stained, scattering. 




G. CapsulB of OltiiBOa. 

C. V. CfiOlrMl or iutrslotmlar »<rfin. 

O.C. Obllttu uctlon ot «iitnl Tclni. 

1. 1, L InlerlobaUr velnn. (In %mM porMl ci 

P, C. A Urae iKirml cioal. 

A. A. Hepatic artcrfee. 
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whit« eorpuseles, appcariug with this 
granules.) 

6, Hepatic arteries, A. (The larger esamples maybe det^r- 
uined by their thick muscular media and the wavy pink line — the 
fenestrated membrane. Several may be seen in a single canal.) 

7. Hepatic ducts, D. (These are lined with cylindrical epithe- 
lial wlls, he-xagiina! in transverse seetion, and the bold, deeply 
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staiu(4 nticlei give the dnpts marked prominence even with the 
low-power. Indeed, the sraiiller portal i'»nal8 are frequently dif- 
ferentiated by this element alnue — this being espeeially tnie when 
the Btnietnres liiive lieeu disturlwd, and perhapH t^irii. in the pro- 
eess of mounting.) 

8, The lobular parenchyma. (Tlie arrangement of tin; liijmlii- 
eells. forudng brauehing columns, is merely indieated — with the 
low-power — by their deeply stained nuelei presenting granular 
areas within the lobular boundaries, Still, by earefnl att«ntion. 
the elements will be seen to radiate more or less distinctly fi-oni 
focal points — the central or intralobular veiiiri. 

(H.) 

9. The portal veins. 

10. The lymph-apaces iu the connective tissue of the jiortui 
caualfi. (Note, in those which are better defined, the nuclei of the 
endothelium. Do not confound these lymphatit^ with small veins, 
as the latter present a tolerably defined wall, while the lymphatic 
chiuks appear like rift» in the connective tissue; it would l>e diffi- 
cult to make this distinction without the endothelial cells.) 

11. Hepatic arteries. (On account of its solidity, the liver 
will euable the student tn secure sections of blood-vessels present- 
ing the typical structure more nearly Ihun the specimens obtained 
from the organs heretofore examined.) Note («) the elongated 
nuclei of the muscular elements of the media; (f>) the fusing of 
the adventttia with the eonnei-tive tissue .surrounding the artery ; 
(') the sharply defined outer boundary of the intima — Ihc fe- 
nestrated membrane, which, from the action of the hanlening 
iisriiit, has loutrai-l^d the ehistic fllwrs and detached (rf) the 
endothelial cells. (Inasmuch as the lining cells of small art4>ries 
are very frequently partly detached in alcohol -hardened tissue, 
they may simulate columnar oell&. A like ajipeamnce is often 
presented when an artery hits been 8ecti<Hied obliquely, by the 
projecting miisclc-cells of the media.) 

I:;. Hepatic ducts. Note: («) The lining cylindrical cells. 
(U) The nuclei of these I'clls (n.s a rule, perfectly upheriftal ; and, 
in transections arranged iu a circle, affording an appeanmc^ jier- 
fectly charucteristic). (*") Mucous glands in the wall of the 
larger ducts, lined with large, nuelealeil. columnar cells, pn-ciscly 
like those lining the duct-lumeu ; and. hence, liable to l)e mis- 
taken for small ducts. (The tube canning the moctw 8«?rct<.-d iu 
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these pocket -like glands does not pass directly into the lumen of 
the duct, but runs along obliquely, much like glands in the 
bronchi. Not infrequently the glands possess no proper efferent 
tube, but are mere depressions or diverticula in the thick wall of 
the bile-duct.) 

13. The lobular parenchyma. (Single cells, partly detached, 
may be found about the edges of the section.) Note: («) The 
somewhat polygonal figure; (&) the nucleus; (c) nucleoli; 
(d) fibrillated, mesh-like cell-body; and (e) an apparent cell-wall. 
(The arrangement of the lobular parenchyma will be noted in con- 
nection with the human liver.) 



HUMAN LIVER 

PRACTICAL DEMONSTRATION 

The sections from which the illustrations have been drawn were made from 
material hardened in Miiller's fluid. The tissue was then cut, the sections 
washed by six hours' maceration in water, after which they were treated suc- 
cessively with weak and stronger alcohol, stained with haematoxylin and eosin, 
and mounted in balsam. This treatment aids greatly in the demonstration of 
the blood-capillaries, as the contained blood -corpuscles, in consequence of 
some change affected by the chromium salt, take the eosin deeply. The 
nuclei of cells are also rendered markedly prominent. 

Pieces of tissue, one centimeter square by half a centimeter thick, may be 
hardened in alcohol. This method will give very excellent results, providing 
the sections be cut as soon as the hardening process has become complete. 
Stain as above. 

For the demonstration of the isolated hepatic cells, scrape the cut surface 
of a piece of hardened liver with a scalpel, and throw the scrapings into a 
watch-glass of haematoxylin. After a few moments drain off the stain, and 
brush the stained tissue elements into a test-tube nearly filled with water. 
Change the water two or three times ; and when clear, add a few drops of eosin 
solution. Allow the eosin to stain for a moment only; decant, drain, and fill 
the tube with alcohol. After ten minutes the spirit may be drained off and 
the tube partly filled with oil of cloves. A drop of the sediment may then 
be placed upon the slide, the bulk of the oil removed with paper, and the 
mounting completed by adding a drop of balsam and the cover-glass. This 
tissue may be kept in the oil from year to year for class-room purposes. If 
the oil be pure and the washing thorough, the staining will remain unaffected 
for two or three years. 
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3, The central (or intralobular) veins, A, A (fretjaenH 
appeiiriug as mere slits on account of the direction of the cut). 

The portal canals, G, G. (These are readily deteeted on aeeonot 
of the deeply stained nuclei of the cells lining the hepatic ducts.) 
(H.) 

5, Portal canals (too small for demonstration of the several 
elements, but always distinguiahable by the columnar epithelial 
cells,) 

G. The larger portal canals, C. Note : («) The large thin- 
walled vein, D; (6) The duct, E-, (c) The artery, F. 

7. The tortuous course of the hepatic cell-columns as com- 
pared with the same in the section previously studied. 

8. The hepatic veins. (Observe their infrequency compared 
with the sections of the portal veins, Note the small amount of 
connective tissue around them — greater, however, than that about 
the central veins.) 



EU;,MENTS OF A TORTAL CAXAL — FKDM PREVIOUS SECTION 

Observe: ('''ie. in) 

(H.) 

1. The portal vein, V. (Note the nuclei of the few endothe- 
lial cells remaining, and the corpuscular elements of the blood 
in the lumeu of the vein. Observe that the white corpuscles are 
scanty, aud deeply stained; also that many of the colored corpuscles 
are granular, and show loss of pigment from action of the alcohol.) 

2. The hepatic artery, A. (In tlie human liver, the portal 
canals frequently carry a number of arteries and ducts, instead of 
one of each, as shown in the one selected for the illustration. The 
arteries can nearly always be differentiated by the clear, wavy line 
of the fenestrated membrane. Should the section have been in a 
longitudinal direction with reference to the vessel, look for the 
elongated nuclei of the unstriated muscle-eells of the media, some 
nmning with the artery — the longitudinal — aud others at right 
angles to its course — the circular fibers.) 

3. The hepatic duct, D. (Obser\'e the thickness of the vrail, 
depending, of course, npou the diameter of the duct itself, aud the 
presence of connective tissue supporting scattci'lnfi unstriated 
muscle- cells. Note the beautiful, clear, columnar cell-lining. 
That these epithelial cells are polygonal in transverse section is 
demonstrable at D, L, wliere the duct has been cut in a longitudinal 
way, and the cells are seeu from above. 




4, Tlie connective tissue elements of the canal, 
s direotioiiB between the adjaoent lohulfs. 

ii. Lymph-spaces or -cbinke, L. (Note the stain 
tht! endothelial cells.) 

(i. Nerve-trunks. (In the larger caiiols hiiudlee of non-medul- 
Intfd or more rarely mednllated iierve-filier« may l>e freqneiitly 
seen. They are not sliowii in the aoeiimi)auyi»K JUnstratiou.) 

THE l/)Bm.AR PABBNCHVSIA — STAINED CELLS FROM HfMAN AND 

ObSERV-E' '■^"^ LIVER fFift. 112) 

(H.) 

1. Isolated hepatic cells A. A. Note 1h<- large, variably- 
sized nuclei, their nucleoli, ami the granular protoplasm 
the cell-body. 
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2. Groups of cells formiog portions of the hepatic cell- 
columns, as at 0. 

3. Cells containing fat-globules, D. 

4. Glycogen ean be demonstrated in the hepatic cells of tlie 
rabbit some hours after a meal of carrots. Harden in alcohol; 
cut without imbedding; stain with iodine solution (see page 29), 
which colors glycogen reddish brown. 
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a C«11> frem umc. ihowing bflow ■ blood-uplllary In T. 8. 

C. A blood fiplllaiT with purt of a colmnii ol c«ll>. 

D. Bamui IWer rxlli ia t. candltlDD ot folly inBl»ktlDB. 

E ItoUted eoll» (rom llvsr of pig, ihoirtng lnlni«lliil«r natwork. 



THE LOBULuiR PAHENCHTMA, CONTINUED — SECTION OP 
HUMAN LIVER (Fig. 113) 

Having found with L a typical lobule in transverse section: 
Observe r 
(H.) 

1. The central vein, C. V. (Note the exceedingly delicate 
wall, and seari^h for a trunk ot the intralobular plexns in its cim- 
nection with this vein.) 

2. The blood-capillaries in longitudinal section, B. C. (Ob- 
serve their tortuousness, bifurcations, and anastomoses.) 

3. Blood -capillaries in transection, T. S. (Should the 
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capillaries be filled with hlmiil, this demonstratiou will l>e 
gi-eatly aided.) 

4. Hepatic cell columns, H.f. (Note the difficulty with 
which these can he. tiwed for any great distaiiw, on Recount of 
thi'ir irregular and twisted course thnmghout the lohide. Ob- 
serve that the lohiiles are composed largi'ly of tortuous blood- 
capillaries, between which the hepatic rell-ciiliuiins are placed. 
Note the manner in which the cells are disposed around the 
blood capillaries, as at T. S.) 

."t. Bile-capillaries, D. (These are rather difficult of demon- 
stration in the human liver. The nection should be extremely 




A SlXOL.! LOBl-LE muM lU'KAH LlVEIL. T 
StAIKID WITU IIJBMATDXTLIX AMD EOSIS 

C. V. Canlnl Tela at tha liibiil«. 
B. C. Bloml-caiillliirtH In L. 8. 
T. 8. TbB HiDB In 
B. C. Column! al hfpalle ealli. 

D. BIle^nlUnHn. 



thin, and, in order to get the best results, a higher power"" 
instrument than we ordinarily use will be required. The 
best point at which to see them is at the junction of three 
or four cells, where the bile-capillary has beeii divided trans- 
versely. 
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THE LOBl'LAR PARENCHTJIA, CONCLUDED — OKIGIN OP THE BILE- 
DUCTS— SAME SECTION AS BEFORE (Fig. 114) 
OBSEKVE : 
(H.) 

1. The connection between the intralobular bile-capUlaries 
and the uiuririiial or iiilniiobuliir bile-ducts. (The lumitier of 
(^oiint'i'tiou l)etwt'en the above is as follows : Tlie bile-i-iipillaries 
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are merely chaiiQels between the hepatic cells, and run, as a mle, 
at a right angle to the blood -capillaries. They are probably 
destilut* of a wall in the human liver, As these (channels ap- 
proach the marginal part of the lobule, the hepatic cells surround- 
ing the capillary are seen to change their form. They elongate, 
becoming thinnrr, grfi<JiinIhr loxhuj their form ax hepatic, celh, and 
assume a cohtmnar f>jp<\ At >!'•■ smui' tiiuf, u few fibers of con- 
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nerfire tissue are thrown outside the nuxlified hepatic cells, and a bile- 
duct results. The hepatic cells become, insensibly, the columnar 
cells lining the duct. This is shown in the illustration rather 
diagramniatically. Its demonstration requires much patient study 
and search. The duct is best tniced backwards to the point where 
the bile -capillaries enter it. 

The study of the blooil- and bile -capillaries of the liver is 
much easier if tissues are used in which these vessels have been 
injected with some colored substance. Injection of the bile -capil- 
laries is difficult ; but injection of the blood -capillaries is quite 
readily accomplished. 

The structure of the gall-bladder and its duct is substantially 
the same as that of the larger bile -ducts. The mucous membrane 
is thrown into numerous small folds, and is covered by columnar 
epithelial cells. The mucous membrane is supplemented by 
unstriated muscle-fibers, outside of which is a fibrous layer. 
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THE KIDNEY 

The kidney is as singular in structure as in function. Al- 
though as originally developed it is divided into lobules, little 
trace of this structure remains in the adult organ. 

The kidney consists, essentially, of an intricate system of 
blood-vessel plexuses^ in intimate relation with a system of urine- 
tubes — the whole supported by a small amount of connective 
tissue. 

The accompanying drawing (Fig. 115) will serve to give an 
idea of the gross plan or scheme of the structure — remembering 
that the illustration is only a diagram. 

On making a vertico- lateral section, on the median line, the 
following parts are seen : 

The kidney is invested with a fibrous capsule^ which is con- 
nected with the parenchyma by very delicate prolongations of its 
connective tissue fibrillsB. This capsular investment is in con- 
nection above with the supra-renal bodies, and, on the inner 
border, with the vessels, etc., which enter and leave the organ 
at its hilum. The ureter, penetrating the areolar tissue which 
(containing much fat) surrounds the hilum, may, for clearness of 
description, be traced backward into the kidney. This tube ex- 
pands into the pelvis, and reduplications of its wall imperfectly 
divide the pelvis into three compartments, or infundihula. 

Each infundibulum is subdivided again, imperfectly, into sev- 
eral pockets or calyces; and into each calyx may be seen, peeping 
from the kidney-substance, a papillary eminence or apex of a cone 
— the pyramids of Malpighi. The pelvis is lined with a variety 
of transitional or imperfectly stratified epithelium, which will be 
described hereafter. 

The blood-vessels, lymphatics, etc., pass in at the hilum, out- 
side the ureter, pelvis, and infundibula. The artery divides into 
numerous branches, which are seen in the diagram passing out- 
ward, between the Malpighian pyramids. The renal vein pursues 
much the same course, the main tininks lying side by side. 

On examining a section of the kidney, made in the direction 
indicated in Fig. 115, a division of an outer portion will be mani- 
fest, bounded externally by the capsule of granular texture, con- 
taining the blood-vessels, etc. This is called the cortex. Within 
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the cortical portion there appear a nnmber of pj-ramidal masaeB— 
whose apit'es we have previously eeeu — of finely striated texture — 
the ine(liillar>' or MnlpiijhUm jtymmids. The eortieal eubstance 
projects itself between the pjTainids, completely isolnting them, 
and forming the cortical coJvnnig of Eertini. 

Agaiu ohserviae the onter cortex, it will present narrow, light- 
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colored lines, which converge ttiwani the |<rlvU ; and, eventually, 
pass into and become a part of the Matpigbian pyramids. These 
iight areas, made up of tubniea, are the pyruMiida of Ffrrcin, or, 
as Hometimes called, the medullary rays. 

The darker spaces between the pyramids of Ferreiu are ealled 
labyrinths. 

The gross elements, to be understood before we proceed any 
further, then, are .- 
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1. The capsule of the kidney. 

2. The ureUr. 

3. The pelvis, with its three iufundibula. The subdivision of 
each iufuDdibulum iuto several calyces. Each calyx the site of the 
apex of a Malpighian pyramid. 

4. The blood -eessels catering and leaving the hilum. Theip 
subdivision outside the pelvic lining, and final passage into the 
kidney -substance in the cortical colnrans. 

5. Division of kidney -substance into cortfX and medullary or 
Malpighian pyrnmiiJs. 

6. Penetration of cortical tissue inward between pj-ramids of 
Malpighi — constituting the cortical columns. 

7. The pyramids of Ferrem. 

8. The labyrinths. 

In the domestic aninials there are no cortical columns — the 
pyramids of Malpighi coalescing, as it were — thus presenting a 
true medulla. 

We have remarked that the kidney is made up largely of urine- 
carrying vessels (the tubuli uriniferi) and blood-vessels. We will 
first study the tabular system, reserving for the present the con- 
sideration of the blood-vessel arrangement. 

THE TUBULI URINIFERI 

The urine -carrying tubules commence iu the cortex, and, after 
taking a very circuitous route with frequently varying diameters, 
end at the apex of the pyTamids of Malpighi, where they ponr 
their contained urine into the calyces. The urine then overflows 
into the infundibula, and is finally drained from the pelvis by 
the ureter. 

We shall begin with a single typical tube ; and, understanding 
its histology, we can build up the organ by simply multiplying 
this element. 

A uriniferouB tube, or tubule, commences in the cortex in the 
labyrinth {between the pyramids of Ferrein), as a thin-walle<l sac 
.2 mm. in diameter. This vesicle, with its contents, is a Mal- 
pighian body ; and its wall is called the capsvle of the same, or 
the capsule of Bowman. The capsule consists of a thin layer of 
connective tissue lined by flat epithelial cells. 

From one side of this, the expanded beginning of the tube, a 
narrow neck (25^ in diameter) is projected, which immediately 
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widens {50 fi) into a tube — the pi-oximal convoluted tubule. This 
tnbe (or this portion of the tube) pursues a very tortuous tiourse, 
always keeping lietween Ferrein's pjTamida. and finally approaches 
tlie base of a Malpighian pyramid. Here it assumes an irregular 
spiral form — the xpiral tubuh {42 h). 




Fio. ]16. DiAnaui SRoviHa tbs DivisiotiB or a KituiRr Tubclb. 



The tube suddenly narrows (10^), becomes stmigbt, and passes 
into a pyramid of Ualpighi. It reaches sometimes just into the 
pyramid, more frequently, however, passiag deeper than this — 
often descending two-thirds of the distance to the apex; and is 
called the dexci-nding Umb of HmU'g loop. The descending limb 
of Heule's loop suddenly torus upon itself, forming the loop of 



182 STCDEXTS HISTOLOGY 

Henli ; and, nidenin^ (2^1^)^ retnms upon its conrse as the 
ascending limb of HenU's loop. It again enters the cortex, 
keeping in a pvramid of Ferrein, and passes outward until it 
approaches the outer limit of the cortex, near the capsule of the 
kidney. Here the ascending limb widens (50m). forming the 
distal convoluted tmbmU, which pursues a tortuous course in the 
outer cortex. Many histologists also recognize an irregular tu- 
huU, which pursues a zigzag course for a short distance between 
the ascending limb of Henle*s loop and the distal convoluted tu- 
bule. The distal convoluted tubule then reenters a pjTamid of 
Ferrein, narrows (-(Om), and passes a second time into a Mal- 
pighian pyramid, under the title of straight or collecting tuhCj or 
tube of Bellini. The last, after reaching ver>- nearly to the apex 
of the pjTamid, unites with others of a like character to form a 
principal tube (8.3 m). Several principal tubes unite to form a 
papillary dnct (250 m). From one hundred to two hundred of 
the last open upon the surface of the apical portion of a Mai- 
pighian p\Tamid. 

It must be borne in mind that, in describing the tubular sys- 
tem, although such terms as ^'convoluted tube," "looped tube," 
etc., are employed, these are not separate tubes, but only names 
applied to different portions of one long tube. A single tubule, 
as we have seen, commences at Bowman's capsule, becomes 
narrowed like the neck of a flask ; courses as the proximal 
convoluted and spiral ; descends into, turns, and emerges from 
a Malpighian pyramid, as Henle's looped portion ; reaches the 
extreme cortex, and swells as the distal convoluted ; and here 
ends as a single or isolated tubule and enters a straight tube. 
The straight tubes receive several distal convoluted termini, at 
the cortical peripherj', and pass in small bundles (forming the 
pyramids of Ferrein) directly onward toward the apex of a 
Malpighian pyramid, uniting with one another at very acute 
angles, and the trunks formed by this union uniting until the 
tube terminates as a papillary duct. 

The tubes are lined with epithelial cells, and these cell -elements 
constitute the parenchyma of the kidney. The lining cells are, as 
a rule, columnar or cuhoidal. Two exceptions are presented, one 
of which appears in the flattened cells lining Bowman^s capsule, 
and the other in the flattened cells of the descending limb of 
Henle^s loop. The parenchyma will receive attention in our 
practical work. 
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BLOOD- VESSELS 

The vascular arrangement is complex. The most promineDt 
and essential ffature is afforded in the existence of two dietiuot 
eapillary plfxatten. 

The renal artery, kb Already described, sends branches inUi the 
substance of the kidney. These pass between the Malpighiun 
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pyramids, and im the eortieal coimmms. These arterial trunks arch 
over the bases of the pjrramids of Malpighi, forming the arterial 
arcade. From these arches small, straight branches are sent 
outward toward the capsule of the kidney, occupying a position 
midway between the pyramids of Ferrein, in the labyrinths. The 
last are the inieriobmlar arteries. IXuring their course, they send 
off side arterioles^ which penetrate the capsule of the Malpighian 
bodies. Each afferent arteriole breaks up into a fine plexus — the 
^1^ or glomerulus. The glomerulus does not entirely fill the 
capsule, so that a space remains between the spherical mass of 
capillaries and the flattened cells lining the body. The glomeruli 
are enveloped with a single layer of flattened epithelial cells. 

The blood escapes from the glomerulus by a minute efferent 
arteriole which emerges from the capsule close to the afferent ves- 
sel. The latter is the more noticeable, as it is usually much the 
larger. The efferent arteriole immediately breaks up into a cap- 
illar}' plexus, which courses between the uriniferous tubules of 
the labyrinths and of the pjTamids of Ferrein. This plexus also 
descends between the elements of the pyramids of Malpighi. 
Prom the arteries forming the arcade another set of branches — 
the arteriole recta — is given off, which, descending into the Mal- 
pighian p^Tamids, provides another and direct arterial supply to 
the tubular elements by elongated capillar?- loops. 

The course of the venous trunks is not unlike that pursued by 
the arteries. Interlobular veins, lying in the cortical labyrinths 
parallel with and close to the arteries, pass into a venous arcade. 
In the medulla the venous blood is collected from the capillaries 
and carried to the bases of the Malpighian p\Tamids in small 
veins — venulce recta. The blood from the cortical intertubnlar 
capillaries is collected in the interlobular veins. 

A peculiar vascular arrangement exists just beneath the cap- 
sule of the kidney, consisting of scattered venous plexuses, the 
vence steUata. They contain blood collected from contiguous 
intertubular capillaries, and are in connection with the summits of 
the interlobular veins. 

From what has been said, it will be seen that the cortical and 
medullary blood -supplies are, to a certain extent, independent of 
each other. The arteriolro rectee provide a vascular supply to the 
elements of the Malpighian pyramids even after many of the 
glomeruli have become obliterated by disease. 

Nerve and lymphatic elements are not very prominent features 
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in spi^tlnns of the kidney. Small iioii-inedullat«d uerve-trunks 
may be deinoustruted in transverse sections of the cortex, espe- 
cially near the bases of the medullary p\'i-ainids, where they will 
be seeti iti company with the blood-vessels of the arcades. Lymph- 
cliunnels are also to be seen in the vicinity of the vessels of the 
hilum, nnd in the connective tissue of the capsule. 

The hist^tlo^ of the kidney will be comprehended better by a 
reference to its function. The separation from the blood of a 
quantity of water, together with certain excrenientitious matters, 
is effected, partly in the Malpighian bodies, and partly in the 
tubules. The vascnlar tuft — the glomerulus — is covered with a 
close-fitting membrane eoinpoRed nf flat cells. The blood in this 
plexus parts with a certain amount of its wat«r, whicli passes 
through the walls of the i>apillaries aud through tlie cells covering 
them. Whether this be due to osmosis or to some selective power 
of the cells we have uo eoncem — siifBce it tii say that certain salts 
afterwanl appearing in the urine do not leave the blood at this 
point. The efferent glomerular arteriole, it will be remembered, 
breaks into a capillary plexus, which brings the blood close to the 
walls of the convoluted tubules. It is believed that the cells liuiug 
these tubules select from the blood circulating in the contiguous 
capillaries such effete materials as escaped elimination from the 
glomernli. 

Moreover, it eeems that some of the water which escaped 
in the first instance and entered the proximal convoluted tubules, 
is here returned to the blood by the intervention of the same 
tubular lining celts which excret« the salts. Without referring 
to any further work done by the kidney, it is important to 
understand this [>art of the structural scheme: That the first part 
of the uriniferous tubule is the prominent excreting part. Tliat. 
the latter jjortioii of the tubule — the portion in the Malpighian 
pyraniids. the straight tubule — is for the collection and drainage of 
the urine already excreted. And that brtuvm thf f-trrrtitiij firnt part 
iind the draining second part, therf exists a varrote looped tubnlf — 
the loop nf Hvnlr. The effect of this narrowing and tortuosity of 
the tubule will be to present a resistance to the outflow of urine 
from the proximal portion of the tubule. The dihitisl nrine, 
excreted in the Malpighian bodies, is held back for a while in 
the jiroximul cimvolnt«i tubule, and time given for the comple- 
tion and perfection of the excretory processes by the tubular 
pareiichjnna. 
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PRACTICAL DEM0N3TKAT10N 

The human kidney is rarely found in a perfectly normal condition. The 
demooBtriition can bts made from the kidney of Ihe pig, except aa regnrds 
ceriaiu features. Ttia medullary pyramida do not exist in the domi^stio nui- 
llml«, and tlie parenchyma preBenla very esBeniial differences from the celts of 
the human kidney. Slill, very mucli can be learned from the organ of the pig, 
dog, or raWiit. The tissue should he divided so as to permit sections to lie 
made parallel witli the medulla, and to include both it and the cortex. The 
hardening is best by Milller's fluid. Small pieces hardened qmokly in strong 
alcohol, however, stain very finely with hematoxylin and eosin. Sections of 
iddneys the blood-veeselH of n-hich have been injected aliould alto be studied. 
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hitman kjdnet. section parallel with malpiohum pyramid. 

stained with hjimatoxylin and eosin 
Observe: '^'k- hs) 

(Naked eyc.j 

1. The thickness of the cortex, lUid its granular appearance 
as compared with the medullary portion. 

2. -The markings of the cortex. (These consist of alternating 
light and dark lioes, radiating from the bases of the Mttlpigliian 
pj-ramids. The lighter masses eousist largely of c-olleetiug tubes, 
together with ascending limbs of Heiile's looped tubes — otherwise 
called medullary rays. Between these lighter areas the dark 
labjrrinths appear, in whii'h, by careful attention, the Malpighiau 
bodies may be made out as mimite red dots.) 

3. A region just outside the medullar^' pyramids — not as well 
marked as the outer cortex, in which few Malpighian bodies are 
seen — the boundary region. 

4. The finely striated medullar}' or Malpighian pyramids. 
(The section will usually inelude imrtions of two of the last.) 

5. That the bases of the pyramids do not ap|)ear an a sharply 
defiued line, bat fade into the boundar>- i^egion; while the union of 
the latter with the eoi-tex proper is equally ill defined. 

(L.) Pig. 118. 

1. The cortical labyrinths, in which search for — 

a. Portions of tli<- interlobular arteries, together with the 
smaller twigs of tiie arterial arcade. 

6. The Malpighian bodies. (The tuft or glomerulus which, 
with this power, upiM-ai-s as a granular mass, is wanting in numer- 
ous places, an indicnti'd by the empty napsnies.) 

c. The remaining arwL occupied largely by the convoluted 
tubes, proximal and distal. 

2. The pyramids of Ferrein. (Observe that, as they pass into 
the p>Tamids of Malpighi, they are well defined, but that they are 
lost as they approach the region of the cjipsule.) 

(B..) Fig. nil. 

1. Malpighian body. (Select, after searching several fields, n 
specimen which shows either the afferent or efferent vessel of the 
glomerulus. It will l)e very difficull to find a capsule connected 
with the neck of a proximal convoluted tube, as it rarely 
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happens to be so sectioned. One may indeed be obliged to examine 
a dozen slides befoi-e succeeding.) Note — 

a. The capsule (of Bowman or of Miiller). (Observe it« thick- 
ness, as this becomes important iii connection with the pathology 
of the kidney. ) 

b. The flattened cells lining the capsule. (Many of them will 
have become detaelied in tlie preparation of the section.) 
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r. The glomerulus. (The great number of nuclei obscures the 
loops of capillaries. Remember that the nuclei belong partly to the 



I and partly to tbf flulleiied cells tioveriiig the glomerulus. 
Endeavor to liiid transversely divided loops of the vessels, show- 
ing Wood -witliiu.) 

d. That tho glomerulus does not eutiroty fill the capsule. 

e. That tlir glomerulus is frequently divided. 

/. That th<^ glomerulus is usually in contact with the capsule 
at some one point, where search may be made for 

;/. The afferent and efferent arterioles. (The afferent is mare 
frc>|Hfiitly denioustmlile, and mtiy be ililTerentiat«d by its large 
si'vfx', and the eoimeetion, which can oft«n Iw traced, with the inter- 
lolnilar artery.) 

2. Convoluted tubules. (The convolnt«d tubules found just 
beneath the capsule of the kidney generally belong to the distal 
variety, and they are not as favorable specimens as the deeper 
proximal portions, on aceount of the crowding of the tubular ele- 
ments in the outer cortical regions. Select a transverse section 
and observe : ) 

a. The thin membrana propria, or wall of the tube. (It does 
not appear to he made up of fibrillated connective tisane, but has 
a rather homogeneous structure. Nuclei, however, may occasionally 
be seen, which apparently belong to this tissue.) 

b. The peculiar lining cells. (They are unlike any other 
parenchj'matouB elements found in the body. Note that, while 
they are evidently of the columnar or cylindrical type, they differ 
greatly in form and size. The protoplasm is hazy, granular, and 
freqaently striated. They take a dirty brick-red hue from the 

r. The lumen. (Compared with the diameterof the tube-wall, 
the lumen is very small, and presents a stellatt figure. The urine, 
in passing thniugh the tubule, is, consequently, brought iu contact 
with a very connidenible pfirtion of the lining.) 

3. The large proportion of the cortical area occupied by the 
convoluted tubules, iiml the eseeedingly small amount of inter- 
tubular connective tissue. 

4. The intertubular capillaries. (These are exceedingly small 
and difficult of demunslration niiless filled with blood. The nuclei 
of the endothelial wall are fi-equently seen. The cells of the con- 
voluted tubules are not infrecinently detached from the membrana 
propria, and the space so formed may be mistaken by the eareless 
oh8e^^'er for longitudinal sections of capillaries. These vessels are 
much better seen in an injected kidney; although if an organ be 
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selected containing considerable blood, and the corpnscnlar ete- 
ments have their color preserved [as in bichromate hardening] , the 
vessels will be easily demonstrated. ) 

5. Ascending limb of Henlc's loops in the cortical labyrinths. 
(The general eonrse of these tnbiiles is confined to the pjTamids 
of Malpighi and Ferrein; but occasionally one of them may be 
seen passing in a tortuous course towai-d the outer cortex, running 
between the proximal convoluted elements. They are easily recog- 
nized by their sniall size and relatively large Inmen. They are 
lined with short columnar or cuboid cells, which stain deeply 
blue with the hieniatoxylin.) 

6. The pyramids of Ferrein. 

a. Collecting tubes. (These will generally be recognized by 
their large aizo and the blue color of the staining. They are lined 
with columnar cells, which are hexagonal in transverse section; 
and this gives an appearance like pavement epithelium when they 
are seen from above or below. Endeavor to find a tube split 
through the ceut-er longitudinally, and note the typical coluinnat 
cells, as they project inward from the membrana propria toward 
the uow oi>cn lumen.) 

Ik The spiral tubules. {These resemble somewhat the convo- 
luted tubules, especially as their cells take much the same dirty red 
color. The cells, however, plainly eolumunr, are large and hexag- 
onal ill transverse section. The lumen is small.) 

f. Ascending limbs of Henle's loop. (These are small tubes, 
aud have already been described.) 

il. The intertubular capillaries, (Inasmuch bb, in the speci- 
men under consideration, the vessels of the pyramids are mostly in 
tranverse section, they are not readily made out, especially if the 
blood- corpuscles have become decolorized. 

7. Elements of the medullary portion. Fig. 120. 

". Collecting tubes. (These tubes constitute a large propor- 
tion of the nifdiilla of the organ. They have already been 
described. As the apes of the Malpighian pyramid is approached, 
and the straight tubules unite to form the principal collecting 
tubes, these again uniting to form the papillary duets, the lining 
cells will be seen to get shorter and the lumiua larger. ) 

b Spiral tubes. (These can, in mauy instances, be followed 
down from the pyramids of Ferrein; and examples are frequently 
seen very near the pelvis of the kidney in the cortical columns.) 

c. Descending limbs of Henle's loop. (These tubes are the 
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most difflcnlt of all the tubnii uriniferi to demonstrat*. The 
set'tiou must be very thin, and even tbea they may be mistaken 
for blood -cHpitlaries. Their peculiar feature consists in the wavy 
luincu, which is produced by the alternate disposition of the lining 
cells.) 

il. Loops of Henle. (The loops will be recognized by the 
curving of the tube. They nre lined with short coin muar cells, 
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which are sharply brought out by the biematoxj'Un. Ou account 
of their course, but few complete seetious are seen.) 

e. Ascending lirabs. {(.'ouveniently traced from tlic loops.) 
/. Intertubular blood-vessets. (Do not mistake tubules con- 
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taining blood for capillaries. The bninan kidney is rarely abso 
liitely normal; and blood is frequently found outside the proper 
cbanuels. The vessels will be differentiated by the histologj' of 
their walls. Quite a number of venules will be seen running iu 
groups in the medulla — the vrmiht, nclie. 

8. The same elements as in 7 {shown in a transverse section 
of the middle of a Malpighiau pyramid. Fij;. 121). 
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vftriAtions in size and in the iiumbiT of gi-auules, depeudeut oii 
the state of secretion. 



DUURAM SaOWINO DISTRIBUTION OK TI;BULE9 (aPTEH PIKRSOl) 
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Lubi/riNOi. 
Malpigbian btxlies. 
Necks of tlie tubaleB, 
Proximul coovolutM tnbulM. 
Irregular tubulee. 
DiBlol convoluted tubulei. 
Collecting tubuUa. 

Loops of Beule. 

Descend iug Umbe. 

Ascending limbs. 

Collecting tubules. 



Heitiitlarji Rag. 
Bpiml tubules. 
Ascending limbs of loops at 

Heule. 
Collecting tabulei. 
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PELVIS OF THE KIDXEY AXD URETER 

The vaaXiS of the ureter are three in number — miicons, mnscn- 
lar, and fihmus. The muscle i» iinstriatpd, and ii; divided into 
inner loDgiludinul and outer oiroulur layers. The pelvis of 
the kidney, and the calycos and infuudibula present a similar 
HtriKiture. The circular muscular fibers are numerous around the 
papillie, and form a kind of sphincter. 

Obtain the ureter ot a hamskn subject, if possible. Fix the fresh ureter 
with Alcohol or Mllller'e fluid. ImbMl in celloiiliu or paraffin. Cut thin aec- 
tiorm, slitiD with hf matoxyliQ and eosin, and mount bs usual. 

Observe : 
(L) 

1. The relative thickness of the epithelium. 

2. The narrow mucosa. 

3. The internal longitudinal muscular layer. 

4. The bundh's of the external circular muscular layer, 
"i. The arteries between the muscular bundles. 

6. Adipose tissue, more or less abundant in the loose cellular 
tiesue surrounding thetie canals. (This element will afford A 
pnjminent feature of the section of the pelvis of the kidney, while 
the muscular tissne will be seeu to a limited extent only.) 

(H.) Pig. 122. 

7. The epithelium. (<i) That it is of thethin. stratified squa- 
mous type known bk transitional. (6) The broad basal attach- 
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ment of the deep cells, (c) TLc elongated form of the cells 
generally, id) The more flattened surface cells, (f) The out- 
line of the last, as seen in the detached siiuuimens. (/) The doeiwr 
cells present tapering prolongations, generally at one end oul; 




and are hence called "tailed cells." They may be eoufouiided with 
similarly shaped cells from the bladder. 

THE URINARY BLADDER. 

The layers of the bladder are mucous, muscular, and fibrous, 
while part of it has a serous covering derived from the peritoneum. 
The muscle is unstriated, and is arranged in inner and outer longL- 
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tadinal layers, with a circolar layer belweeu tbem. The ranecalar 
layers are not well marked. The iaterual vesical sphincter is 
formed from an increaee in the thickness of the circular layer. 
Numeroua minnte ganglia are found along the nerves of the blad- 
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I. VuaoUiMl »1](. 

der, which contain both mednllated and non-mednllated fibers. 
As in tbe ureter, the blood supply of the mucouH and mustmlar 
coats is abundant. Small nodules of lymphoid tissue occur in 
the mucous membrane. The epithelium is transitional ; but the 
dispOBitioD of the cells varies with tbe extent to which the bladder 
is expanded. 

iH of humau bladder iii t1i» Rnnie imuuitr 
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Observe : 
(L.) 

1. The epithelial lining, (a) That it is formed after the 
transitional type. 

2. The mucosa and its capillary supply. 

3. The dense muscular portion. 

(H.) Fig. 123. 

4. The epithelium, (a) The size of the cells. (6) The layers 
of the epithelium, which are deep, middle, and superficial, (c) 
That the deep cells are polyhedral or columnar, (d) The form of 
the middle cells ; not unlike those of the corresponding region in 
the ureter, (e) The large, scaly surface epithelial cells. (Note 
that while these all appear flat, when seen in plan, it is only 
those of the extreme surface that are simple scales ; the less 
superficial examples show, when viewed in profile, prolongations 
from the under surface, by means of which union is effected with 
the deeper cells.) 

THE URETHRA 

The urethra consists of a mucous coat surrounded by muscular 
and fibrous tissue. The muscle is unstriated. Numerous papillsB 
cover the surface of the mucous membrane proper. The lining in 
the female urethra is stratified squamous epithelium. A few small 
glands are found in the female urethra. The lining of the male 
urethra varies in the different regions. In the prostatic region it 
is transitional epithelium , as in the bladder ; in the membranous 
portion it is stratified columnar ; in the spongy or penile it is 
simple columnar ; while in the fossa navicularis it becomes strati- 
fied squamous epithelium, and is continuous with that covering 
the glans penis. Small, branched, mucous glands (the glands of 
Littr6) occur throughout the male urethra. 
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THK FEMALE GENERATIVE ORGANS 
TBE rjGIXA AXD UTEBUS 

The walla of the vagrina are iiued with a jnucoiis membrane, 
covered with athifk, stratified squamous epithelium, beneath whieh 
ari.' uumemus papilla. The submucous, unstriated muscular, and 
fibrous adventitious coats are not well defined. Glands are not 
present. 

The uterus has mucous, vtuscular, and serous layers, hut the 
musi'ular layer is much the thiL-kest. The muscle is unstriated, 
The fibers increase t>oth in size and number during pregnancy. 
The mucSus membrane is covered with a single layer of columnar, 
ciliated epithelial cells, which create a current in the direction of 
the eervix. Numerous tubular glands, lined with Biniilar (;ells, 
extend down to the muscular layer. During menstruation the 
mucous membrane, having become thickened, soft, and distended 
with blood, undergoes disintegration in its outer portion, which is 
east oft. Accompanying this phenomenon there is an escajH' of 
blood from the capillaries. The epithelium is quickly renewed 
from the deeper portions of the glands of the mucous membrane. 



PRACTICAL DEMONSTRATION 

From the bod; of a (pref^r&Mj yountc) human female, as soon aa poasl- 
blo afler death, remove centinieter cub«s of tlie organa requlreil, oliHervintc 
that the liniDg is included. Thp onli^r portiona are of very little moiueiit 
eomparatively. Secure |)ieeeB trotn the os, cervix, &nd fundus of the uterus, 
and the wall of the vaginA. 

The vagina and Dt«rus of a human subject should be secured, because 
tht^ir ntmcture diSen considerably from that of the same orfraus id the lower 
aiiimnls. The differences are Kreater than iw the case with many of the 
organs hitherto studied. 

We desire to prepare the tissue so as to keep the original form of cell- 
elements — to avoid coulractiou— and Mlitler's fluid will accomplish this |ier- 
tectly. Allow the pieces to remain (or a montb in the hicbromate solntion, 
with an occasional uhauKe. Complete the hardening in alcohol, after waahing 
as usual. Infiltrate with eelloidln, and l«t the flections be vertical to the 
mucous surface. The listiies should not be handled with Ibe fin^rs ; other- 
wise the epithelial lining cells will be detached. Blain with hsmaloxylin and 
eosin; mount in balsam. 
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vagina and uterus of the human female at pubebtt- 
tical destho- sinistral section op the right lip op the 
os, and kclitdiko part op the vaginal cul-de-sac 
Observe : 
fL.) 

1. The outline of the section, (Commencing at D, Pig. 124j 
which is placed in the internal os, follow downwai-d, out upon 
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the external os, curve upward, reaching, at 6, the vaginal cul* 
dC'-sac. Descend along the right vaginal wall.) 

2. The irregular surface of the internal uterine wvlL 
(Caused by longitudinal sectiou of the glandnlre uterintB or glaib 
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dnlfB ntrienlftres — branched tubuiar glands. These are increased 
ill depth (luring pregoanoy, and are most promineDt in the lower 
portion of the organ.) 

3. The epithelium. (") The deeply stained layer.lining of 
the vagina, cul-dc-sac, iiiid external os. {!>) The wavy course 
of II as it covers the irreprnlarly funned and often iinperfeet pa- 
pillae of the mucosa. (>) The li<rhter appearaitee of the linins 
of the internal os. (>/) Projection of the last into the glands. 
(r) Thr sharp line of separation between the deeply Dtained 
lining eominoii to the vagina and the lighter lining of the utenis 
tit the external os (Fit;. 124, F). 

4. The mucosa of the uterus. (There are no sharply defined 
regions in the genito- urinary tract corresponding to the nnicosa 
and submucosa of typical mucous membranes. The arrangement 
generally is, (1) an epithelial lining; (2) a subepithelial struc- 
ture, consisting of a more or less prooiineut or abundant plexus 
of capillaries supported by delicate connective tissue, and which 
corresponds to the typical mucosa; (.1) the muscular walls 
proper, consistiiig of layers iu different directions, frequently 
irregularly disposed and sehiom iu diatiuet fasctenli.) 

5. The mucosa of the vagina (the sui-face of which is beset 
with small papillie, and in which large veins are prominent). 

6. The uterine and vaginal walls (consisting largely of 
invotuutarj' muscular fibrils, recognized by the elongated aud 
deeply stained nuclei, aud containing numerous thick-walled ar- 
teries and irregular lymph- spaces.) 

(H.) 

7. The uterine epithelium (Fig. 125). («) That it consists 
of a single layer of cells, (h) That the cells are columnar or 
cylindrical. («*) The cells in transverse section are polygonal. 
((/) They are ciliated. (If the section has been properly prepared 
from uninjured tissue, the cilia will be seen without difficulty, 
and esi>e<;ially in the depressions where they are somewhat pro- 
tected.) (p) The cell-body and nucleus. (Note the elongated, 
dear, free portion, and the frequent ciming of the whole. Near 
the attached extremities, which often appear pointed, note the 
smnil, deeply stained nuclei.) (/) The large mucous crypts 
whith occur in the eer\'ix. Retention of their secretion prodnces 
the cysts wliich are known as the ovula Nabothi. (g) It is dif- 
ficult to see the basement membrane. 
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8. The abrupt transition from columnar to flattened cells lq 
the epithelium of the external os. («) The shortening of the 
columnar cells as the point of change is approached. (Seetious 
must be examined until one is fouud showing this point well. The 
illustration [Fig. 125] is not exaggerated, and a properly cut and ] 
selected specimen must exhibit clearly the last columnar and the 
adjoining flattened cell.) 

9. The vaginal epithelium {Pigs. 1125 anil 120), («) That it is 




of the stratified squamous variety, (fc) The deepest line of cells | 
following the sinnous line formed by secticiuiug the papillary mucosa. | 
(f) That the cells are more or less flattened. (f/) That their I 
edges, excepting those of the surface, are serrated, it) The ] 
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change in form as the surface is approached. {/) Tbp surface 
cells. (These are very much flattened, niul sci fused in loogiludinal 
section as tn resemble fibers.) (y) Detached surface cells. (At 
H, Fig, 126, these are shown in plan, having been torn off; tho»e 
intact are, of (.'ouree, seen in profile.) (A) The nuclei, evenly 
granular, usually larger than a red blood -eorpusele. 

10. The subepithelial vaginal structures, (n) The large and 
abundant capillaries of the muootia. ('<) The submucosa, not 




clearly separated from the niueosa, bnt easily reeognized by i 
large vessels and the abundant eonneetlvf tissue. (r) 1 
mnscnlar portion of the vaginal wall. 
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THE FALLOPIAN TUBE OR OVIDUCT 

The Fallopian tube has a serous coat derived from the peri- 
toneom; a muscular layer, consisting of unstriated muscular fibers, 
mostly disposed in a circular manner; and a mucous membrane 
which lines the tube. The mucous membrane is covered with a 




single layer of columnar, ciliated epithelial cells, whose clHa create 
a current in the direction of the uterus. The mucous mem- 
brane has numerous loneitudinal folds, which are very com- 
plicated, and which, in tranverse section, appear like glands. 
Glands, however, are not present. 

PKACTICAL DEMONSTRATION 

Harden the Fallopian tube of a health; young female \a alcohol or 
Mailer's fluid; imbed in celloidin; cut transverse seations; staia in hiematoxy- 
Un and eoain; mount in balgam. 
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(L.) 

Find the three principal layers : the mucous membrane, with 
its fulds ; the muscular layer, eonsisting of iinstriated niiigt^'le, 
divided into an inner circular and an outer longitudinal band ; 
and the thin serous covering. 
(H.) 

The muTOUS membrane consists of a fibro-elastic basis, eovered 
by a single layer of columnar ciliated epithelial cells, which will 
be found well preserved at the bottoms of the folds. 

THE orjRY 

The ovary consists of a stroma or gronnd- substance of connec- 
tive and sm«HJth muscular tissue, in which are scattered various 
sized spherical bodies, the Oraafian follicles. 

The stroma is divided into three layers or regions, which are 
not very sharply differentiated. 

The free surface of the ovary is covered with a single layer of 
low columnar epithelial celts, called the germiwil fpilkflium. 

Immediately beneath the epithelium is a thiu layer of fibrous 
tissue, termed the tutiica albughiea. 

The rortfx proper, or second layer, is distiiignished by the 
Qraafiau follicles, which will be described lat#r. 

The central portion of the organ, the lona vaseulosa, is largely 
occupied by thick- walled blood-vessels, among which the extremely 
tortuous arteries are especially evident. Occaeionally one may see 
in this region somewhat ovoid nodules in varying degrees of retro- 
grade change — the corpora liiUa. They present the phenomena 
resulting from the maturation of the follicle during menstruation. 
The accompanyiug illustmtion , Fig. 128. was drawn from a cor- 
pus luteum which had formed in the sit« of a Graafian follicle, the 
contents of which hud escaped at some menstrual epoch, and been 
follotctd by imprej/nalion. 



FHACTICAL DESION'STRATION 

The OYftry of a young animsl la to be preferred. If the or^n mnnot he 
obtuineil trom the humui subject, the female of almost any donieitic aniniHl 
will provide an eiiwlleni demonstration for the hiHtological elements. Le-t (be 
tissue be liardened with stmnf; alrohol, and Hections be cut: vertically to Ih» 
free surface and Btained with hnmaloiytin and eosin. The sections should 
include «t least ooe-balt the depth of the organ, u ■■ to exhibit all of the 
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SECTION OP THE ADULT HUMAN OVARY 

Observe : (Fig. 128) 

(L.) 

1. The tunica albuginea. (Note that the layer is not of nnj- 
form thickness, and is composed largely of spindle-shaped eells, as 
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sliown by the immerotts elongated nuclei. Search particularly tor 
and note the character of the epithelial covering,) 

2. The cortical layer, containing nnmerous GroaSaii follicles, 
and possibly a corpus lutenra. (Not* the aggregation of tba j 
smaller follicles in the extreme outer portion of the region.) 
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3. The zona vasculosa. (Note the naUBual tliickiiegs of the 
vasoular walls aud the in-e^ar outlines on Bection. on account of 
their tortuous course.) 

(H.) 

4. The Graafian follicles. (") Their diameter, varj-ing from 
25 fi when joung to 5 or 10 mm. when mature. (6) The mcm- 
brana propria. (This is diffieult to Hepaiiite from the stroma 
of the ovai-y itself, except in more mature follicles than shown 
in theseetiou. [r) The membrana granulosa. (This, in general, 
appears to be the outer layer of the follicle, ou account of the 
difiieiilty of separating the membraua propria from the stroma 
proper of the ovary. Note that it is composed, in the smaller and 
less mature follicles, of pavement cells, and that the cells become 
thicker with maturation, until columnar cells in a single layer 
result, (d) The ova. (These are contained within the follicles, 
excepting that they may have become detached during manipula- 
tion of the section, and occnpy the greater part of the follicles.) 
(p) The zona pellucida (the thin wall of the ovum). (/) The 
discus proligerus. (This will Ije recognized as a mass of polyhe- 
dral cells, connecting the ovum at one side with the columnar celte 
of the memhrana granulosa. These cells will proliferate later 
in the development, aud completely enclose the ovum.) {g) The 
germinal vesicle. (Contained within the ovum. The contents 
appear grannlar; it, as well as the ovum, is flbrillated ; but this 
demonstration cannot be made, excepting the animal be killed for 
the purpose, and the tissue elements fixed, before changes, which 
quickly follow death, occnr.) (A) The germinal spot. (Appear- 
ing as a small dot within the germinal vesicle. The ovum pre- 
sents the characteristics of what it indeedis — a typical cell, with 
leiill. body, nuchua, and Mucleolus.) 

5. The corpus luteum. (The example shown in the drawing 
was developed after the contents of the Graafian follicle, which it 
represents, had 8ulTere<i impregnation ; and it has arrived at the 
later stage of the series of the phenomena connected with itK 
development — the stage of cicatrization. The cicatricial tissue, to 
which the letter K points, indicates the remaina of the membrana 
granulosa. Outside is seer) the thickened membrana propria, while 
uniong tJie contents will lie found pigment-granules and fat-glolj- 
ulcs, imbedded in a stmcturcless, gelatinous stroma. ThlK 
material results from changes in the clot of blood effused after 
the c«c-H[w of the ovum.) 



STCDEyTS BISTOLOGT 



FORMATION OF THE OrUil 



As has been previouslj' shown, the ovary is covered with 
columnar epithelium ; and, singular as it may appear, the 
fifty thousand Graafian follicles, which it is estimated are devel- 
oped during the life of the human female, have their origin in 
these cells, 

During foetal life this surface epithelium undergoes a very 
rapid proliferation, and chains of cells become imbedded in the 
stroma of the ovary. These epithelial prolongations are called 
ovarial or egg-lubes. A little later in the development, separate 
portions or links of these chains are cut off by the ingrowth of 
the stroma. The little groups of cells thus isolated become each 
a Qraaflan follicle. 

Scattered among the columnar cells, larger, more nearly 
spherical cells are also found, the primordial ova. These are also 
imbedded in the substance, and one at least will always be found 
among the minute collections of cells which have been isolated. 

In the pi-ocess of development, each group of cells becomes a 
Graafian follicle with its contained ovum, the columnar cells form- 
ing the wall proper, and the primordial ceil the ovum, with its 
vesicle and germinal spot. 

PRACTICAL DEMOXSTRATION 

Tbe ovary from a stiil-born babe is to be removed with the scissora, 
exereising tbe utmost care that the eurrace be not touched. The ovary at a 
mhbit or guinea-pig jnaj also be used with advantage. Place imroediateljr 
in strong alcohol, and iu twenty-four hours it will be fit for cutting. Cut 
extremely thin Bections at a right angle to the free Burfaec and including the 
Game; atain with hiematoxylin and eosin; mount in balsam. 



OVARY OF HUMAN INFANT (Fig. 129) 

Observe : 
(L.) 

1. The free surface. (Note the occasional depressions which 
mark the involution of the epithelial cells.) 

2. The layers. {Note the absence of demonstrable tunica 
albugiuea and the gi-eat area occupied by the cortex. The vessels 
of the central portions are, unlike the ovarj" of mature life, large, 
sot numerous, and thin-walled.) 
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(H.) 

3. The primordial ova of the surface epithelium. 

4. The projecting lines or chains of epithelium undivided. 
(Here the eells sfciii rather elongiiteil.) 

5. Chains which arc in process of subdivision. 

G. Young Graafian follicles in columns nt a right angle to 
the Httrfa^-e of the ovary. 

7. The discus proligerus, in many iDstances still composed of 
flatteued cells. 

8. Follicles showing discus proligerus as columnar cells. 
!). Follicles showing great proliferation of discus pro* 

ligerus. 
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10. Ova in the early stages of development from primordial I 

cells, with granular vcsiclfs. 

11. Instances of development of two, possibly three, ova ( 
in a single follicle. 

12. Large blood- capillary supply of cortex, — vessels generally ■ 
parallel with the cliuius of follit-leH. 

THE MAUMART GLAND 



The mammary giaiid consists of acini lined by Epithelial cells. 
The acini are grouped into lobules and lobes. There is an abun- 




dant framework of fibrous and adipose tissue. The ducts are lined ' 
by colnmnar epithelium, and open at the nipple. The lobules and j 
acini of the resting gland are small. During activity the acini are 
lined by low cubical epithelial cells resting on a basement me 




brane. Globules of oil form within these cells, and are discharged, , 
making the oil-globules ot the milk. 

The secretion of the gland during the first few days of activity I 
contains numerous cells in which drops of oil are present, the I 
colostrum-corpuscles. Sections of the resting and active mt 
mary gland of the dog may be studied with advantage. 
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THE MALE (JEXFRATIVK ORGANS 
TBE TESTICLE 

The testicle is a glandular body (Fi^. 132, T), oval in shape and 
flattened laterally. The epididymis, E. is uu eloiigaCe<l and arched 
stmtitiire, which is applied to the npper eud and posterior border 
of the body of the b?8ticle. It is enlarged at each end. The upper 
end is termed the globus niujor; the lower, which is somewhat 
smaller, the ylubus minor; while between them is the body of the 
epididymis. 

From the lower end of the epididymis a hard convoluted tube, 
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the vas deferent, Vd, is given off, which soon straightens, and 
extends upward in the spermatic cord. 

The testicle is almost completely covered with a aerons mem- 
brane, the tunica 'raginalis. Beneath that is a strong fibrotu 
capsule, the tunirti albnginea, with partitions or septa converging 
toward the posterior pcrtiop, the mediastinum testis, or corpus 
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Highmori. Between the septa are Jelifiate tabalar masBes — thq 
lobules. 

The tunica, albuginea is the supporting framework of the testicle J 
Its inner layers convey the blood-vessels, and constitute tlie tuniettM 
vasculosa. 

The mediastinum receives the blood-vessels and contains als( 
the reie testis, Rt, the termination of the secreting tubules. 

Two or more seminiferous tubules ai'e contained in each lobule.] 
They are fine thread-like tubes closely packed together— the convi 
luted portion. As these tubules approach the mediastinum thejrl 




join to form a smaller number of straight tubes, or fuhuU rfrli. I 
The straight tubules enter the medlaatiaum, making a plestis of J 
tubular spaces, the rete testis, and leave the rete testis at its uppers 
end as fifteen to twenty delicate ducts, the vusn efferenlta. Fig. 132.4 

The vasa efferentia, entering the glolms major, become coilecll 
into small conical masses, the coni vasculosi, and open into a singla 
convoluted tube, the canal of the epididymis. This canal is remark*! 
ably tortuous; it passes down the back of the body of the testiclal 
into the globus minor, and finally temninates in the vas deferena.,¥ 

(For the character of the lining epithelial cells of the difFerent-f 
parts, see pa^ 55. 
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PRACTICAL DEMONSTRATION 

Harden the testicle of some animal, preferably a rat, in Flemming's, Mttl- 
ler's, or Orth's fluid. After washing, complete the hardening in alcohol. 
Iml>ed in celloidin, cut transverse sections, stain in heematoxylin and eosin, 
and mount in balsam. 

(L.) 

Find the tunica albuginea covering the testicle, consisting of 
fthrons tissue ; its outer serous layer; the tunica vaginalis, and 
its looser inner layers, containing many blood-vessels; the tunica 



u 
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Fig. 134. HuxAK Spermatozoa, Highly Magnipikd. (Rrrxius.) 

A. Seen from aboTe. 

B. Head teen from the side. 

C. Extremity of the tall. 

vasculosa. Find the thickening of the tunica albuginea 
behind, called the mediastinum, from which fibrous septa arise, 
dividing the testicle into compartments. These compartments are 
seen to contain seminiferous tubules 130 ^ to 140 ^ in diameter, 
(*ut at various angles. 

(H.) 

Examine seminiferous tubules in transverse section. Observe 
a lining of epithelial cells in several layers, and spermatozoa in 
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the central part of the tube, in various stages of formation, 
The tails of the spermatozoa point toward the cent-er of the 
tnbe, anil the heads are directed towai-d the epithelial liuiug. 
Among the epithelial cells some may be found that are under- 
going karyokinesis. 

Careful study of selected specimens has shown that the epithe- 
lial cells next the basement membrane ai-e of two sorts : (l) The 
sustcntacular cells. (2) The spermatogenic cells. The sijerma- 
tozon are derived from the spermatogenic cells. 

Spermatozoa may be obtained from the freah testicle or epidi- 
dymis of some one of the domestic animals. The human sperma- 
tozoon is about 50 h- in length. It consists of a short oval head, a 
short middle piece or body, and a long tail. The tail possesses 
active vihratile movements. 



THE rnosTATE GLAND. 

The prostate gland consists of a number of tubular acini, which 
are imbedded in a muscular and fibrous framework. The muscle 
is of the unstriated variety, and is very abundant. The tubular 
glands are lined by columnar epithelium. They open by a num- 
ber of ducts into the urethra. Certain small, round, concentrically 
laminated bodies, the prostatic concrefiims, often occur in the ducts 
and acini, especially in old subjects. The secretion of the prostata 
gland is thin and nearly transparent, containing granules and 
epithelial cells. 

ERECTILE TISSUE 



, preferably of a humoiL 
aod the cor] 
I he Btudiei] 



Erectile tissue is best demonstrated in the pen 
Infant, cut ia transwrite s^ti^tion. The two corpora 
sponf^osum are readily diatinf^ished. The erectlla 
tbe aorpora ciiveiTiosa. 

The connective tissue surrounding the cavernous bodies gives 
o£C numerous trabecula;, forming a framework, enclosing spaces. 
These spaces are lined by endothelium, and commuuieate with one 
another freely. The arteries open into them, and the veins open 
from them. During erection they become greatly distended with. 
blood. Similar erectile tissue occurs in the external generativ 
organs of the female. 
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THE SUPRARENAL BODY 

This body is attached by ai-eolar tissue to the summit of 
thf kidney, and consists of aeveral folia or leaflets. An examiua- 
tiou of oue of these leaflets will give us au idea of the orgau as a 
wlioie. The plan of stmcture seems to he as follows: 

III the couuective tissue which supports the folia are found 
arterial brauches derived from the phrenic and renal arteries, 
besides the suprarenal arterj' itself. These arteries penetrate the 
organ, break up immediately into capillaries, which finally con- 
verge toward the cent«r of the leaflet ; the blood is here col- 
lected in thin-walled veins, by which it is drained int« the supra- 
renal vein, thus leaving the body. 

The capillary meshes vary in form aud size, according to their 
position. Near the circumference of the leaflets the meshes are 
small and ovoid; while, as the center is approached, they become 
elongated. These spaces between the capillaries are filled with 
compressed, globular, nncleatj^d cells, the smaller containiug ouly 
perhaps six or eight, while the longer may be occupied by thirty 
or forty of these eell-eleinent«, which constitute tie parenchyma 
of the organ. This variation in size of the cell -compartments, 
contributing, as it does, to alter the appearance of the diffi'niit 
zones of the tissue, has given rise to a division into corlcx imd 
virdHUa. The cortex is divided from without inward into a zonn 
glomeralosa, zona fasciculata, and Jtona reticularis. Many nerve- 
fibers enter the organ with the arteries. They form a plexus, 
mostly of non-medullated filien*, in the medulla. Ganglion-cells 
are numerons. The snrface is covered with a fibrous capsule con- 
tinuous with the supporting framework. 

The suprarenal body is also often known as the suprarenal 
capsule. This body, the spleen, the thyroid and the thymus 
glands, with certain other organs of less importance, are some- 
times called "the dudlpM glands." 

PBACTICAL DEMONSTRATION 

Tbe tisKUi^ [■ be«t hardeneii in strong aloohol, and tbould be rrut as soon 
on 1hi> lidrdeninfc ii complpte. It will be aufflcienlly Brm to admit of the 
tbiiinpsi sectionfl lieioK made free-hanil or witb a aimple nierolome. Tbe 
aei-llons, stained niili benmaloxflin and eosin, givei eic^lleot different! at Iod. 
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BVUAN SUPRARENAL BODY. (Fi({8. 135 apd 1 



SECTION Of A SINQLE I.KAFLET, CUT TRANSVERSELY TO THB | 
CENTRAL \'E1NS. STAINED WITH H^MA- 
ObsERVE: TOXTUN AND EOSIN, 

(L.) 

1 . Seetinn of arterial tiwigs on the border of the leaflet. 

2. Tlie convergence of the parenchyma toward tliecMite 

3. TliB large and thin-walled central veins. 

4. The small size of the parenchymatous areas on the outer 
borders and their elongation within, inakinff the zona gloiiierii- 
losu iiiid th« zona fas cicii lata ri.'spectivcl.v. 

i3. DiutingTiish the zona reticularis next to the medulla. 
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(H.) Fig. 136. 

1. The capillary plexus, forniiug ovaU' or elongated meshes. 

'1, The compressed globular cells of the parenchyma. (Xntc 
tbitt the cells are small iu the email coinpartmeiils. as lhoui;li 
crowded. This is due, in a measure, to the t'ljiitnii-lmu iif the 
tissue from the rapid hardening. 

3. The minute fat-globules in the pareiichyinti . 

4. Yellow pigment-granules in the cells, especially uf the 
medulla. 
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THE NERVOUS SYSTEM 

Structural Elements 

The elements of the nervous system are : 

1. Nerve -Fibers. 

2. Nerve -Cells. 

3. Connective Tissue and Neuroglia. 

4. Peripheral Termini. 

NERVE-FIBERS 

Nerve -fibers are of two sorts, meduUated or white, and non- 
meduUated or gray. 

A typical medullated nerve-fiber consists of three portions; viz., 
a central conducting portion, the axis -cylinder; the medullary 
sheath, or white substance of Schwann; and the enveloping connec- 
tive tissue substance, the neurilemma. Such fibers are found 
largely in the trunks of the cerebro- spinal system, while medul- 
lated fibers devoid of the neurilemma exist in the optic and 
acoustic nerves, the spinal cord, and the brain. 

The axis-cylinder may be seen to be split up longitudinally, 
and is found to be composed of fine primitive or ultimate fibrillfe, 
which may present minute varicosities or swellings at irreg^ilar 
intervals. 

The white substance of Schwann, which is largely fatty, pre- 
sents under the microscope the most prominent feature of medul- 
lated nerves, affording a nearly complete investment of the nerve- 
axis. 

The neurilemma is an elastic envelope, which completely 
invests the medullary substance. This tubular membrane is 
nucleated, and at intervals is constricted so as to reach the axis- 
cylinder. These constrictions are called the nodes of Rantner. 
The neurilemma presents a single nucleus, with a small amount of 
protoplasm between each two of these nodal points. The con- 
strictions do not, however, affect the even caliber or continuity 
of the axis -cylinder. 

The distance between two nodes of Ranvier may be as much as 
a millimeter, or it may be less than that. 

Non -medullated nerve -fibers are found chiefly in the sympa- 
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thetic sy8t#m. But some iion-mcdiillitted fibers ix'car in most of 
the c«rebro- spinal nervea, aud they tonii the uhief part of the 
olfactory nerve. Nou-meduUat«d nerve-fll>ers have nn axis-cylin- 
der and a neurilemma, but no medullarj- sheath. They brnnL-h 
t'l-eety, and aid ia the formation nf plexuses. Theiv aru numerous 
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nuclei beneath the iienrilemma. The nenrilemma is wanting in 
some situations. The medullated nerve-fibers also lose the meduj- 
Jary sheath when they are about to enter upon their peripheral 
distribnlinn . 

THK SEBtK-TRrXKS 

The struirture of nerve-tninks is most typical in the large 
nerves eouiposed of medullated nerve-fibers. In transverse sec- 
tions, medullated nerve-flbers appear like small itiund cells, in 
which the axis -cylinders resemble nuclei. The nerve-flbers nrt^ 
collected into bundles called /«wi>i(/i. 

The connective tissue, which serves to unite the elements of u 
nerve-trunk, does not differ materially from the sngtentacular tie- 
sue of other organs. Different t«nns are applied, according to its 
use and location, as follows ! 
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Episeurium. — Forming the slieiith of Ihe entire nerve-trunk. 

Pebineukiusi. — SHrroHnding the funiculi composing the nerve-- 
trunk. 

ENDONEUHim. — Surrounding and uniting the nerve-fibers of tha-M 
funiculi. 

Neurilemma.— ^ffrTOioii/i'/i;/ Ihf individual nerve- fibers of i 
bundle. 




Tlie formiilii E. P. E. N., composed of the initials of the name) 
of the investments from without inward, will aid the memory. 

The epineurium serves to jirotfict the iier\'e in its conree, i 
to support the nutrient blood-vessels and the channels of lymrj 
phati(;s. The fibers mn both longitudinally and transversely ,4 
The perineurium, arranged in dense bands, forms distinet sheatl 
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for the (nnipuli, the fibers running, for the most part, circulai-lj'. 
The eadoueurium not iufrequeutly divideB the nerve-bundles into 
smaller or primitive bundles. It supports the blood-capillaries, 
oontAius small lymph -spaces, and its nuclei are frequently large 
and prominent. The larger iierve-trunlts have their own nerves 
distributed to the epineurium, — ttrrci uervontm. 

The flual distribntion of the elements of a nervc-truuk is 
effeeted by subdivision, first, of the large, and afterward of the 
primitive bundles or funiculi. The perinenrial sheaths are pro- 
longed, surrounding the dividing bundles, even to their fluul distri- 
bution, where, aronud terminal and siugle tnedullated fibers, the 
sheath remains as a layer of exeeedingly delieat« flattened cells. 
The necessity for the endoneut'inm oeases with the ultimate sub- 
division of the funiculus. 

The tnedullated nerve-fibers, when they reach the point of 
their final distribntion, branch at a node of Eanvier, and also lose 
the medullary sheath. 

PRACTICAL DEMONSTRATION 

Mednll&ted nerve-flbert can be etudicd bpst In preparelions that hnvi* 
l>epn tensed on a slide. It requires muoh care bd<1 patieni^e to fleparnlD th^ 
sinitle tierre-Bbfrs of a bQDdle. The Btoilent should nse nerve-tissue tliut 
was filed with oHnlio acid while fresh (see po^ 23), The medullar}' sheaths 
nre Mnck. Also, teniae nerve-flbera that wure hardeaed in MUUer'a fluid and 
aFtcrwanls washed aud tran«rerreit to alcohol. Stain the fi)M>rB on Ihs elide 
with VitD Oieson's piorio acid and aeid tuchsin mixture (page 311), omilting 
the bsmatoxyliD. Dehydrate with a lew drops of ak'Ohol in sueoeasion, 
whioh may be removed with blotting-paper ; clear with a drop of oil of 
cloves ; mouot in balsam. The axis -cylinders and nuclei are red ; the roeil- 
Hilary sheaths are yellow ; the tiodi-B of Banvicr are disliDclly visible. 

A nerve that bns been burdened in MOller's fluid should bo imbedded 
in relloidin, and transverse sections oat ; etain with bsmatoxyliu and ^»a 
ijieson's piorio ftcid and acid fucbsin. 

XEBFE-CSILS 

The cells of the nerve-centers are ueually called ganglion -efUn. 
They differ greatly in size, some of the largest measuring 100 *i or 
more in diameter. The nuclens is round, conspicaous. and has a 
nucleolus. The protoplasm sometimes contains pi^ient. Tln^ 
cells are surrounded by minute lymph-spaees. Ganglion -cells 
exhibit various shapes, some being spherical, others pjTJfonn or 
sU'llate. The ditTerences in outline are due, in part, to the pro- 
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cesses, of which there may be one or many. According to the 
number of processes, the cells are sometimes named unipolar, 
bipolar, or multipolar. Every ganglion-cell has a relatively straight 
process, which is the axis -cylinder process. The other processes, 
when they are present, divide and subdivide rapidly, to form fine 
networks or arborizations. They are called protoplasmic processes. 
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or demlriles. The development of protoplasmic processes is seen in 
an extreme degree on the ganglion-cells of Purkinje in the cere- 
bellum (Fig. 158). It is probable that the processes of one f*ll do 
not unite with those of any other, and that whatever physiologi- 
cal relations the cell has with other cells are established through 
proximity, but not by continuity of substance. The researches 
made according to Golgi's method of impregnating tissues with 
silver have shown that ganglion-cells are of two principal types : 
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Type I. The cell has, besides the protoplasmic processes, an 
axis-cylinder process which becomes continuous with the axis- 
cylinder of a nerve-fiber usually having a considerable length. 
Minut« ofFshoots are given from the axis-cylinder process, which 
are called collatertih (Fig. 139, A). 

Type II. In this case the axis-cylinder process divides repeat- 
edly and soon after leaving the ganglion -cell, forming a network 
within the nerve-center (Fig. 139, B). 

A ganglion-cell with its axis-cylinder process is called by many 
writers a neurone. In the ease of some of the meduUated uen'e- 
fibers proceeding from the cerebro- spinal centers, the terminal 
distribution of the axis-cylinder may be as much as a meter 
distant from the ganglion-cell (Fig. 140). 

ysmoGLiA 

The brain and spinal cord have a supporting framework of 
ordinarj- connective tissue which enters at the surface from the 
pia mater. They possess, besides, a special form of supporting tis- 
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sue called nettroglUi. It consists of a fine reticulum produced by the 
interlacing of large numbers of delicate processes, which arise from 
neuroglia cells. These cells have a stellate outline, and, with their 
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nnnierous proeegaes, BiiggGst a spider nnd its legs (Fign. 139 and 
Ijj). Some fomiH are destribed a8"mo88-like." Neuroglia -eells 
are well ebowu in silver -stained specimens. The neuroglia of the 
Epiiial coi-d is intimately related with the epithelium lining the 
eentral eanat, from whieh it originated. Neuroglia, unlike the 
other snpporting tissues, is derived from the ectoderm. 

THE fEBIFUEBJI, yEJtlE-EXDJXas 

The t«nniaal liranelies of the lu-rves are »o complex in struc- 
ture and so difflcult of denionstmtion that only a few of the most 
important can la- eonsidenxl in this work. 

SeiiBorj' nerves pniiictimes present free endings, as in the strati- 
fied epithelium of the epidermis niid cornea. The medullated nerve- 
fiber loses its medullary sheath at a node of Ranvier, and divides 
i-epcatodly. innkiiig n plexns of miunte fibrillce iu the connective 
tissue, op just below the epithelium, or between the epithelial cells. 

Siirriiil xrHsory rniUngs are more eoraplex in structure. 
Kxamples are found iu the (ariUr corpuscles, which occur in the 
papilla.' of the skin. They are oval bodies having numerous nuclei. 
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One or more mednlliited inrvc-lil.i ts i-iiIit at llie base, losing their 
medullar)' sheaths. The axis -cylinders break up into fibrils, whieh 
here and there present expansions. 

The Pacinian Itodies or corpHscles of Vuter are easily found 
ID the mesentprj' of the cat. where they are numerous and visible 
to the unaided eye. They are oval iu form and nearly transparent. 
The most prominent part is the capsnle, whieh consists of lamellie 
ot connective tissue, which are concentric, and resemble the lajers 
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of an onion. A medullated uerve-flber enters at the Iwttom, und 
soon loBes its inedallary slieuth. The free axis -cylinder terminates 
iu a rounded or bulb-like extremity, surrounded by a homogenous 
substance, tin- inner bnlb. 

Tlie speeial form of nerve -endings, euHed taste-buds, have 
already been deseriljed (page 140). 

NERV-E-ENDI.VGS IN MUSCLE 

The plexuses of non-mL'dullatod nerves supplying non-striated 
musL-le have often been referred to (pages 154 and 160). From 
these plexnses minute fibrillat extend among the muscle-eells. 
Theiresaet mode of termination bns not liceii definitely determined. 
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The niedullated nerves supplying striated musole form an intra- 
musi^nlar plexus. Bundles of nerve-fibers sfjirt from this plexus, 
one nerve-fiber going to each raus«le-6ber. The medullary sheath 
is lost. The axis-eylinder breaks up into twisted fibrillep, with 
bulbous ends. These eonstilute the end-platt, which probably lies 
below the sarcolemma, and is imbedded in nucleated protoplasm, 
the sole-plale. 
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SPINAL CORD 

The membranes cuvering the spiunl cord -will be discnsse 
later; see page 235. 

The spinal eord is composed of giay mutter (cellular) an 
white matter (oonsiating of nerve-flbers), and serves as a medial 
of communication between the brain and the peripheral nerv) 
apparatns. The arrangement of its several parts will be 
understood by tiie study of a transverse section, of which 
146 is a diagrammntii! representation. 

The gray snbstauce occupies the centrnl portions of the Sti 
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tnre, and conBists of two lateral massifs aud n nonnet^ting link, or 
commissun.-. Near the central portion of the figure, a small eir- 
cular opening occurs — the transversely divided rtntral canal. 




This is in connnmiication, in the medulla, with the fourth ventri- 
cle, aud will serve aa a starting point for our study. 

The gray matter completely surrounds the central canal, and 
its outline resembles the capital U, or a pair of crescents with 
their coneavitie» looking outwards. The »ut«rior {or ventral) 
horns or cornua are blunt. The posterior (or dorsal) horns are 
points. There are lateral projections from the anterior horns, 
sometimes called lateral horns. They lie opposite the central 
canal, and are most marked in the npper thoracic region. The 
crescents are connect«d, a portion of the connecting substance 
passing in front and a portion behind the central canal — the 
anterior and posterior gray commissural bands. The amonot of 
gray matter is greatest in the cervical and lumbar eulargeraents 
of the cord (Pig. 148). 

The white substance is divided anteriorly by the antrrior 
miiUan fissure, which cuts into the cord nearly to, but not quite 
as far as Ihe anterior gray commissure. A corresponding division 
appears posteriorly (the posterior mriiian figsure), which does not 
divide the cord posteriorly, bnt the division is indicated by a band 
of pia mat€r, which penetrates entirely to the posterior gray com- 
missure. The two masses of white snbstance thus indicated are 
roughly divided into anterior, lateral, and posterior colnmns by 
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the horns of gray matter. They ai-e uuited just in front 
anterior gray fommissui-e by white matter — the white commissurt 
The npinal nert'es Cake origin from the gray coraua, the anterioi^ 
roo(s from the anterior, and the posterior roots from the posterioj 
coruua. The white substance consists essentially of niedu)lat«j 
nerve-fibers which, with the exception of the anterior gptui 
nerve-roots and the commissaral fibers, pass mainly in a longj 
tudinal direction. 

The anterior, lateral, and posterior columns into which 
white matter is primarily divided, may be divided secondarilj 




into certain other columns or tracts whicli are indicated in Fi^ 
146. These tracts are often called by the name of the discovert 
The principal ones are as follows : 

The direct pyramidal tract: Tiirck. 

The ascending antero-lateral tract: Gowers. 

The descending antero-lateral tract. 

The crossed pyramidal tract. 

The direct cerebellar tract. 

The postero-extemal tract — funiculus cnneatus: Bnrdach. 

The postero-internal tract — funicnlns gracilis: Goll. 

The demonstration of the different tracts we owe partly 
pathology, since in certain diseases definite tracts may be invol' 
throughout the length of the cord, while the others may be exemj 
The alterations which ensue in the diseased parts make it easy 
trace such tracts. 
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Em br>'o logical study bas showD also that the medullary sheath 
appeurs at different periods of development in the different tracts 
of nerv'e-fibers, altbongh the time is constant for each particular 
trat't. The presence of the sheath iu certain tracts, and its absence 
in Qthers, makes it possible to outline the tracts in a series of 
embryonic cordfl. 

Physiological experiments demonstrate the fanctions belonging 
to certain tracts. 

PRACTICAL DEMONSTKATION 

Nerve-tiasue should, unU«r ull ciivuiti stances, lie hardeiied in MUller'B 
flu[il. The cord thoutd b« oblaiiiod &■ nearly fresh and uninjured rts poMl- 
bl«, cut traiisvenely iriih a Bhnrp mzor iuto piet-t-s a cenlimi^Ier lonj^, and 
plaocd Immedistely in the fluid— in tho proportion of a liter of the mixture 
to 100 gnms of tissue. Tho lolution should be thronn awny after twenty- 
tour hours, nnil a fn-sli tapfily provided. It shonld be Mcaiu ohtinKed after 
tlirco days, and again after another week. Aftvr four weeks the bit^hromBte 
sliould be poured olT, and the tissue rinsed once with watt^r, after whieh 
Ihe hardening is to be eorapletnl witb al<?ohol in the ordinary manner. 

Afttir hardening:, pieces front the different regions should be eut, and 
this is Iwst effe<ned after imbedding. Transverse seet ions are the most inslrue- 
live, althou|;h the student should afterward stndy longitndinni seirtions. The 
seelions may be stained with luematoxylia and eanin. Seetionn should also 
be stained by the Weigert-Pal method. For this pnrpose the hardening 
must be done with great eare, and must be eouliniieil lunjter. The |)ieees of 
tissue are placed in alcohol direct from Milller's fluid without washing. The 
detsils of the method are given on pH^e 30. Tlio (inlgi method presents too 
many dilHeallies to be atlemplcd by any but adviiin.,.d students. 



HUMAN SPINAL CORD — CERVICAL REGION — TRANSVERSE 
SECTION (Fig, 1*9) 

Observe : 

(1.) 

1. General arrangement of gray and white substance, with 
the latter surrounding the former, which n-sembles in outline the 
letter H. 

2. Subdivisions of white substance, (n) Anterior median 
fissure. (Note its passage inward and its cessation l^fore reach- 
ing the gray substance.) (ft) Posterior median fissure. (Note 
its shallowness as a true fissure, and ihc extenxioii of the connee-' 
live lissun from the bottom iuwitnl, until the gray subslanci' is 
lUft. Compare the two median fissnreB.) (c) The emergence of 
the anterior nerve-roots, (This provides the ostcmal or lateral 
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boundary of the anterior white potnmus, the internal boandariesi 
hoiii* pi-ovidetl by the anterior median fissure.) (d) The lateral I 
columns. (These contain the fibers of the crossed pyramidal tract, i 
and include the white substance between the anterior nerve-roots J 
and the posterior gray eornua. Eafh lateral column eontaina I 
ner^'e-flbers which pass to the cerebellum — direct cerebellar tract ; 
observe that these tracts have no internal histological Iwundarj. 
Note the numerous prolongations of the pia mater inward in the 
lateral eolnmna and blood-vessels in them. {') The postero-in- 





temal or column of GoU— /«wrV«/Ms gracilis. (These eolnmns J 
occur on either side of the posterior median fissure, and ara I 
bounded laterally by a prolongation from the pia mater. ) (/) i 
The postero- external column — funiculus cuneafns. (Bounded j 
mtenially by the postero- internal column, and externally by the I 
posterior gray cornn.) (</) The white commissure. (Note the I 
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absence of & whit« commissure posteriorly, the posterior median 
septum reaching the gray snbstance.) 

3. Subdivisions of the gray substance, (a) The central 
canal. (Its size and shft|>e vary a good deal at different levels.) 
(/)) The gray commissures, anterior and posterior, (c) The gray 
columns, (r/) The anterior gray cornua, broad and not reaching 
the periphery of the cord section, (f) The posterior cornua, 
narrow and passing completely out, posteriorly, to form the pos- 
terior root of a spinal nerve. 
(H.) 



4. The white substance, (Select a field, e. 
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I column, and observe the transve: 
ill) The nerves are not collected into fn 
pursues an independent course. <b) The axis-cylinders, which 
■aggest cell-nnelei. (Note tJie great variation in size.) (c) Most 
of the axia-cylindera surrounded by more or less concentric rings 
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of traDslucent, unstained white substance of Schwann. (These 
are meduUated fibers. In the spinal cord a neurilemma is wanting 
for these fibers. With the Weigert-Pal method the medullar}- 
sheaths are stained black and their course is easily traced.) 

(d) The small deeply ha?matoxylin- stained cells of the neuroglia. 

(e) The neuroglia-substance, finely granular or fibrillated, be- 
tween the nerve-fibers. (/) The spider cells (Deiter's) of the 
neuroglia. (These are not numerous, but easily found near the 
periphery.) {g) The longitudinal nerve- fibers passing from the 
anterior gray comu to form the anterior root of a spinal nerve. 
(A) The different size of the nerve-fibers in different areas of 
the section. Note the small fibers of the postero- internal column. 
With certain exceptions, the larger fibers belong to motor tracts 
and the smaller fibers to sensory tracts. (0 The blood-vessels. 
(These vessels are largely confined to the fibrous septa, which 
pass in from the pia.) 

5. The gray substance, (ri) The central canal. (The canal 
is lined with columnar ciliated cells in a single layer. The cilia are 
rarely demonstrable in the human coixl, except in children. The 
central canal in adults is often partly occluded. Observe the clear, 
homogeneous ground-substance, — substantia gelatinosa centralis. 
Compare it with a similar mass covering the posterior horn, — the 
substantia gelatinosa Rolandi.) {h) The ground - substance. 
(This consists, first, of exceedingly minute fibers, formed by the 
repeated subdivision of the axis-cylinders — the primitive fibrillae; 
second, of the delicate neuroglia- fibers. It is usually difficult 
in a section to differentiate between the two. The details can only 
be made out in preparations stainied with silver by Golgi's method.) 
(c) Large ganglion-cells. (In the anterior horn. The straight, 
unbranching axis -.cylinder process can frequently be distinguished. 
Note the large, shining nucleus and the deeply stained nucleolus. 
These cells are frequently deeply pigmented. They may be dh'ided 
into tiro or three separate groups,) (d) Small ganglion-cells. 
(Best seen in the posterior horn. In the dorsal cord a collection of 
medium sized cells appears at the point where the gray commis- 
sure joins the posterior horn, — the column of Lockhart Clarke.) 
(e) The lateral horn also contains small ganglion -cells. Occa- 
sional outlying ganglion -cells appear in the white matter of the 
antero-lateral and posterior columns. (/) Pericellulcu- lymph- 
spaces. '(Observed as a somewhat clear space around the ganglion- 
cells.) (g) Blood-vessels. (These are much more numerous here 



spiyji. coRii 



233 



than in the white portion ; and arteries of considerable size nifty 
frequently be found.) (A) Peri-vascular lymphatics. (Find an 
art4^r.v in transverse eeetion, and observe the clear space aronnd it. 
which may be mistaken for the i-esult of contraction of the tissue 
in hardening. Careful study_will reveal minute branches of cellii, 
passing between the adventitia of the blood-vessel and the wall of 
the lymph-spare.) 

The course of the axis-cylinders in the conl, and their relations 
with the gangliou-eells of the gray matter, are extrenu'ly intricate. 
The Gelgi methmi, in the hands of Ramon y Cajal and others, 
has l>et'n the means of clearing up many of lh« ohsciire parts of 
this subject. The limits of the present work will only permit of 




alluaioa to a few of the most important facts. In this connection, 
it is well to recall the description and diagram of a neurone (page 
222). The central nen'ons system is supjiosed to consist of many 
neurones. According to this theorj-, several neurones may operato 
together, one su|K>nmpoNed on another. It is to be rememlwred 
that the prot'cstu's of ganglion-cells pi-obnbly do not anastomose 
with those of other ganglion-wlls. 

The large ganglion -cells ot the anterior horns of gniy mutter 
give oBf axis -cylinder processes to the anterior motornerve-roots. 
Some ganglion-cells (column eells) have nxis-cylindcr processes 
which run vertically in the white matter of the anterior and lateral 
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columns. Commissural cells give off axis-eyliuder processes to the 
opposite side of the cord, by way of the anterior gray commissure. 
The axis-cylinders of some ganglion-cells terminate in the grray 
matter itj*elf. The fibers of the posterior ner^'C-roots, arising from 
the cells of llie spinal ^nglia, divide into asci-nding and descend- 
ing branches, which enter the posterior columns. 

The difficulties in the way of tracing the paths of the fibera 
in the coi-d arc enhanced by the numerous collaterals arising 
from many axis-cylinders. 
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THE BRAIN AND ITS MEMBRANES 

Tbe brain and spinal cord are surrounded by three connective 
tissne layers — the dura mater, the arachnoid, and the pia mater. 

The dura muter is tbe most ext^'rnal and the thickest of the 
three memltmnes, and constitutes the periosteal lining of the cranial 
cavity. It consists largely of elastic tissue, the laminie and blood- 
vessels of which are supported by connective tissne. The outer 
surface is in more or less intimate connection with the bone ; the 
inner snrface is covered with a single layer of thin endothelial 
cells. Beneath is a space — the subdural — containing lymph. 

The arachnoid, exceedingly thin, presents an outer glistening 
Burfaoe, covered with a layer of endothelial cells. It is devoid of 
blood-vessels and nerves. It is separated from tbe dnra by the 
subdural space, from the under (inner) side of which short, 
fibrous trabeculte are projected to the pia. Other trabecules 
atta<rh it loosely t« the dura mater. Villous projections from the 
arachnoid enter the subdural space. Near the longitudinal fis- 
sure they are large and encroach upon the dnra mat«r, forming 
the Ptirrhiouiatt bodies. The suharncknoidnl sfHire is thus seen 
to consist of numerous communicating chambers, and these 
8pA(.*es are everywhere lined witli flat cells, and contain l,vmph, 
as does the subdural space. 

The pia mater consists of flbrillattMl connective tissne, usually 
in intimate connection with the amchnoid externally, by means of 
the frabeenlas of the latter. The pia mater is exceedingly vas- 
cular, and everj' where covers the brain and cord; and, unlike the 
arachnoid, penetrates the sulci of the former and the fissures of 
the latter, becoming continnous with the connective tissue. The 
outer surface of the pia mat«r is also covered with flat endothe- 
lial cells. 

The subdural and subarachnoidal spaces are lymph -cavities, and, 
while not in direct connection one with the other, belong to the 
general IjTUphatic system, and are in eventual eonneetion. 

The arrangement of gray and white nerve -substance in the 
brain is precisely the revei-se of that of the oord. The gray 
matter forms an external covering or layer of varj'ing thickness, 
while the white matter neoupies the more central regions. Collec- 
tions of gray matter — the basal ganglia — are also situated in the 
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deeper parts of the brain-substance, the study of which does not 
eome within the limits of this work. 

The brain-substance does not differ essentially from the cord, 
except in the arrangement of its parts. The nerve-fibers are 
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mostly medullated, but have no nenrilirnmia. The gray substance 
is arranged in five layers, whioh are in some instances quite 
sharply defined, and oftener demonstrable only with considerable 
difficulty. Transvei-sely running bands of mednllated nerve-fibers 
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have sometimes been counted as addi- 



PRACTICAL DEMONSTRATION 

Tbe tissue is lo be prepared in the manner usnal wilh nerve- subat an i.'e 
— bnrd^ned with Miiller, followed b; nteobol. Thin sectiona, gtained deeply 
with Lieoialoxylin and eoain, may be raoantt^d ia bulsaia. Sections Btaint^d 
by Oolgi'B method aliould be studied it poxHible. 



SECTION OF HUMAN CKREBRUM — CUT PERPENDICULARLY 
ObSEKVE: to the Sl.»P*CE (Fis. IM) 

(L.) 

The membranes. (In tbe draivini; only tlit- iinn-liiioid and pis 
are sliown.) ('i) The fine fibrillar mesh of the arachnoid. 
(6) The nuclei of the flattened cell-covering. (<-) The large 
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blood-vessels, {d) The pia. (e) Its continuity with the con- 
nective tissue of the cerebrum. 

1. The outer layer — the first — of the gray substance. (This 
layer is poorly defined, but can usually be made out. It consists 
of primitive nerve -fibrillsB, neuroglia -fibrils, and scattered gan- 
glion-cells. A few medullated nerve-fibers run horizontally 
— tangential fibers.) 

2. The second layer. (This layer presents about the same 
thickness as the preceding, and will be recognized by the abun- 
dance of small triangular nerve -cells. From Golgi preparations 
it appears that numerous protoplasmic processes pass peripherally, 
while the axis -cylinders arise from the bases of the small 
pyramidal ganglion-cells.) 

3. The third layer. (This layer — the thickest of all the gray 
laminaB — is called the formation of the cornu Ammonis [Mey- 
nert]. The large pyramidal cells have numerous protoplasmic 
processes arising from their sides and prominent ones from the 
apices, while the axis-cylioders are given off from the blunt bases 
to enter the white matter [Pig. 155] . Medullated fibers, in more 
or less distinct bundles, pass between the column -like ganglion- 
cells.) 

4. The fourth layer. (The large cells of the third layer are 
seen to stop, as we pass inward, and give place to small, irregu- 
lar nerve -cells, called the granular formation. Between the cells 
of this layer bundles of nei've- fibers are seen, as they radiate 
toward the cerebral surface.) 

5. The fifth layer. The line of demarcation between this and 
the fourth layer is feebly shown; but, on close attention, it will be 
observed that the small cells of the fourth layer rather abruptly 
give place to spindle-shaped ones, sometimes parallel with the sur- 
face. The nerve-bundles are here more plainly indicated. 

6. The white matter. (The ganglion -cells cease here, and the 
field is occupied with medullated fibers and neuroglia, the spherical 
nuclei of the latter becoming prominent from the deep hcematoxy- 
lin staining.) 

7. The nutrient blood-vessels. (The capillaries projected 
from the pia are especially to be noticed, often of the diameter of a 
single blood -corpuscle, and appearing as branching lines, composed 
of these elements — indeed difficult of demonstration when empty. 
Note the light, perivascular lymph -spaces, well seen around the 
larger arteries in transverse section.) 
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Certain concentrically striated bodies, corpora amylacea, are 
often found in the vioinity of the ventricles ami iilonjf the olfac- 
tory trtti'l, as well as in other loenlities. AftiT IreatmeiU with 
iodine solution and sulphuric acid they take a violet color, there- 
fore resembling starch in their reaetions — hence their name. 

The arrangement of the layers of the gray matter is subject to 
considerable modification in different parts of the cerebrum. As 
in the spinal cord, the dillleuities of tracing the course of the ner\'e- 




fibers are increased by the uumcrous collaterals given off from the 
ax is -cylinder processes of the ganglion-cells. 

The paths followed by the fibers of the white matter are very 
complicated. The tracts have been mapped ont largely by prepa- 
ratious made by Weigerfs method and its modifications. In gen- 
eral these fibers may be divided into three groups: 

a. Projection fibers, which constitute the corona radlata, pass- 
ing from the peduncles of the cerebrum and the basal ganglia to 
the cortical gray matter. 

b. Association fibers, which bring parts of the same hemis- 
phere into relation with one another. 

e. CommisBtiral fibers, which connect the opposite hemispheres 
through the corjnis cullosum and the anterior commissure. 
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VERTICAL SECTION OF HUMAN CEREBELLUM 
Fiaclical Demomilraliott 



Cut Urge HectionH of cei 
bedded ns usual ; cut so as 
with hiemtiTnxf lin and eosic 
kitten, prepared aruording ti 
the sections at a right angle 



ebelliim, Lnrdeiied wilh Miiliet-'s fluid and i 
o show the ramifioations of the nrbor cifie ; BtSiin I 
Also stain the cerebellum of a young dog or I 
Gotgi's method (page 33), being carefnl to 
to the long axis of the convolutions, 



Observe: (Figs. i56 and ist) 

(L.) 

1. The arrangement in the form of leaflets. 

2. The extension of the gray laminae within even the mi- 
nutest folds of the leaves, so as to completely envelop the neutral 
white nerve-substance. (The staining has been so selected by the I 
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tissue as to divide the outer gray matter into two proininent lajers. 
The explanation of this will follow increased amplification.) 

3. The central white nutter. (The flbrillur characler cau be 
made out, and the ^neral piaa will be found to consiet. as in the 
eerebrom, of eentral nerve-flbers rsdiatiog toward tlie cells of 
the cortical gray substance, the arbor vitae.) 

(H.) 

4. The outer gray layer, or molecular layer. (This is the 
thickest of the tliree layers. The proniiueut elements to be ob- 
served are : the scattering neuroglia- and gang lion -cells, nerve- 
fibrils, and blood-vessels, which pass in from tbe pia) invest- 
mi-nt.) The gantjlion-cells of the molecular layer arc of two 
sorts, small and large. The large cells are remarkable for their 
axis-cylinder processes, which at intervals give off branches whose 
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fine subdivisions form a basket-like network about the bodies of 
the Purkinje cells of the underlyiug layer. The arborizatioos of 
these Purkinje cells spread out in the molecular layer. 

5. The middle layer is a thia stratum directly beneath the 
outer layer. The section becomes deeply stained, from the pres- 
ence of numerous small cells, among and partly concealed by 
which are the very large ganglion-cells of Purkinje. These are 
flask-shaped, and are arranged in a single plane, with their long 
axes placed vertically, A thread-like prolongation may be seen 
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penetrating the layer beneath, providing the cell has been cen- 
trally sectioned. This is the axis-cylinder process, which gives off 
certain collaterals and becomes the axis -cylinder of a medullated 
nerve-fiber. Two thick protoplasmic pi-ocesses project from the 
outer end ctt the cell, which ramify in the molecular layer. Their 
arborizations are luxuriant, and the branchings of the various cells 
have been likened to a forest. Considering the large size of the 
cells of Purkinje, their axis-cylinder processes, the richness of the 
brunches of their pi-otoplasmie processes, and the curious basket- 
work of nerve-fibrils amund the cell-bodies, they are among the 
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most striking of the objects that have been revealed by the Golgi 
method. (Fig. 158.) 

The branches of these cells spread out chiefly on planes at right 
angles to the long axis of the convolution. Sections should there- 
fore be made across the convolutions. 

6. The granular layer. (This is the layer seen so distinctly 
with the low-power. It consists of innumerable ^lall bodies, 
deeply stained with ha?matx)xylin, usually spherical, which are 
ganglion- and neuroglia-cells. The ganglion -cells belong to the 
second type. The majority of those cells are small. A few are 
large. The small cells have protoplasmic processes which ramify 
in their own granular layer, and axis -cylinders which terminate io 
the outer molecular layer. On the other hand the large ganglion- 
cells of the granular layer have protoplasmic processes which 
extend into the molecular layer, while the axis -cylinder processes 
ramify in the granular layer. Medullated nerve -fil>ers from the 
white matter fonn a dense plexus in the granular layer. Some of 
these fil>er8 are continued into the molecular layer. Search care- 
fully for the axis-cylinder processes of the Purkinje cells, which 
pierce this layer, and follow them into the white matter below.) 

7. The white substance consists of medullated nerve-fibers. 



INDEX 



Abl)^ condenser, 1. 4. 

Abdominal cavity. See Peritoneum. 

Balirary gland. 145. 
Absorption from intentine, 158. 

of fat. 159. 
Acid, acetic. .'{9. 

alcohol, 29, 39. 
aniline dyen. 31. 
chromic, 24. 
fuchHin, 31. 32. 
hydrochloric, 25, 29. 39. 
nitric, 24, 75, 137. 
osmic, 23. 

picric, 23, 29. 31. :r2. 
Acidophile ^anulei*. 31. 
Acini of glands, 140. 
Acinous glands, 143. 
Acoustic nerve, 216. 
Adenoid reticulum, 70. 113. 

tissue, 70. 111. See Lymphoid 
tissue. 
Adipose tissue, 05. 
Adventitia of bUMMl-veHselM. 103, 104. 
Agents, staining, 27. 
Agminate glands. 100. 
Ailantus pith, 13. 
Air-bubbles, 46. 
•sacs, 128. 
-vesicles. 128. 
Alcohol, arid. 29, 39. 

fixation and hanlening, 21. 
deliydration with, X^, :w. 
Alimentary canal. 119. 
Alum-hieniatoxylin. 28. 
Alveoli of gland, 140. 
of lung, 128. 
Amteboid movements, 8.3, 104. 
Amphophilc granules, 31. 
Aniline colors, dyes, etc., 31. 
dyes, staining with. 31. 
oil, 35. 
Anterior commissure, 227. 

median Assure, 227. 
Antero-lateral tracts, 228. 
Aorta, 104, 
Api>endages of skin, 95. 



Appendix, vermiform, 162. 
Aponeuroses, 62. 
Arachnoid, 235. 
Arl)or vit», 241. 
\reolar tissue, 62. 
Arrectores pili, 96. 
Arrowroot-starch, 48. 
Arteries, 102. 

large, 103, 104. 
lymphatics of, 107. 
small, 103. 
ArterioIflD rect» of kidney, 184. 
Art«-rioles, 102. 
Arter>', bronchial, 128. 

hepatic, 1(»4. 

pulmonary, 128. 

renal, 18.3. 

typical, 103. 
Articular cartilage, 68. 
Artificial gastric juice, 25. 
As[>hnltum varnish, 36. 
AsM<K*iation fibers, 2.39. 
Attracti<m- spheres, 5.3. 
Auerbach's plexus, 1.54, ItJO. 
Axis-cylinder, 216. 

pr<»cesses, 220. 
collaterals, 222. 

Bacteria, hanlening tissues containing, 22. 

under the microscope, 47. 
Haillarger's stripes, 2.37. 
Balsam, Canada, .35. 
Basement membranes, 55. 
Basic aniline dyes, 31. 
Basophilia granules, 31, 87. 
Beaker cells. See Goblet cells. 
Bellini, tubule of. 182. 
Bergamot oil, 35. 
Bertini, columns of. 179. 
Berlin blue, injecting, :i4. 
Bichromate of potassium, 22. 
Bile-capillaries, 166. 

•ducts, injection of, 176, 177. 
Bipolar nerve-cells. 220. 
Binls, blood of, 82. 
Bladder, gall-, 177. 
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Bladder, urinary, 194. 
Blastodermic layers, 54. 
Blood, 81. 

colorless corpuscles, 83. 

-corpuscles as a standard of meas- 
urement, 8. 

-corpuscles, cover-glass prepara- 
tions, 84. 

-corpuscles, crenation of, 82, 90. 

-corpuscles, double staining, 84. 

-crystals, 89. 

effect of reagents upon, 90. 

effects of acetic acid, 91. 

effects of osmic acid, 82. 

effects of tannic acid, 91. 

effects of water, 90. f.32, 85. 

Ehrlich-Biondi-Heidenhain stain, 

embryonal origin of, 91. 

enumeration of corpuscles, 87. 

fibrin, 90. 

fixing and staining, 84. 

hsemin, 90. 

hflemoglobin, 89. 

hiemosiderin, 89. 

hsmatoidin, 89. 

human, 81. 

leucocytes, 83. 

of birds, 82. 

of camelidse, 82. 

of fishes, 82. 

of frog. 90. 

of invertebrates, 82. 

of lamprey, 91. 

of reptiles, 82. 

origin of colored corpuscles, 91. 

origin of white corpuscles, 87. 

oxygenation of, 89. 

-plates, 82. 

red corpuscles, 81. 

size of corpuscles, 81. 

tricolor or triacid stain, 32, 85. 

-vessels, 102. 

-vessels, capillary, 103. 

-vessels, development of, 105. 

-vessels, injection of, 34. 

white corpuscles, 83. 
Bodies, Malpighian of kidney, 180. 
Malpighian of spleen, 118. 
Pacchionian, 235. 
suprarenal, 213. 
thymus, 121. 
thyroid, 148. 
of Langerhans, 148. 
Bone, 70. 

circumferential lamellse, 72. 



Bone, compact, 72. 

cancellous, 72. 

-corpuscles, 72. 

decalcification of, 24, 75. 

development of, 73. 

Haversian canals, 71. 

Haversian lamellae, 72. 

interstitial lamelln, 72. 

-lacun», 70. 

-marrow, 73. 

osteoblasts, 73. 

osteoclasts, 73. 

perforating fibers of Sharpej, 71. 

periosteum, 73. 

spongy, 72. 

varieties of, 72. 
Borax-carmine, 29, 39. 
Boundary region of kidney, 187. 
Bowman, capsule of, 180. 
Bowman's muscle-disks, 80. 
Brain, 235. See Cerebrum. 
Branched tubular glands, 143. 
Bronchial artery, 128. 

tube, 123. 
Bronchi, 123. 
Bronchus of pig, 125. 
Brownian movements, 46. 
Brunner's glands, 157. 
Bubbles, air-, 46. 
.Buccal epithelium, 56, 149. 
glands, 143. 
cavity, 149. 
Burdach's column, 228. 

Calcified cartilage, 74. 
Calcification, 73. 
Calyces of kidneys, 178. 
Canada balsam, 35. 
Canal, alimentary, 149. 
central, 227. 
dentinal, 135. 
Haversian, 71. 
of the epididymis, 210. 
portal, 165. 
Canaliculi, 70. 
Cancellous bone, 72. 
Capillaries, blood-, 103. 
bile-, 166. 

lymphatic, 106-110. 
Capillary bronchial tubes, 123. 
Capsule of Bowman, 180. 
of glands, 140. 
of Glisson, 163. 
of kidney, 178. 
of lymph -nodes, 112. 
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Capnule of npleei), 117. 

of thymuA body, 121. 
suprarenal, 213. 
Carbol-turpentine. .35. 

-xylol, 35. 
Carbon dioxide freezin«:> 20. 
Cardiac (inlands, 152. 

niufcle-flber, 80. 
Care of miftcrocope, 43. 
Carmine and picric acid, 29. 

Orenacher's borax-, 29. 
injection, .'U. 
staining, 39. 
Cartilage, 67. 

articular, 68. 
arytenoids, 123. 
-corpuscles, 67. 
elastic. 68, 123. 
flbro-, 68. 
hya!ine, 67. 
•lacun», 67. 
of epiglottis, 123. 
of lamyx, 123. 
of Santorini, 123. 
of tracbea, 68. 123. 
of Wrisberg, 123. 
perichondrium of, 07. 
-plates in bronchi, 124. 
reticular, 68, 123. 
varieties of, 67. 
Cavity, abilominal. See Peritoneum, 
pericardial. See Pericardium, 
thoracic or pleural. See Pleura. 
Cedar-wood oil, 4. 
Cell, 49. 

-cement, 50. 
distribution, 50. 
division. 't\. 
typical, 49. 
-wall, 49. 
OUoidin imbedding, 26. 
Cells, acidophile, 31. 
amphophile, 31. 
basophile, 31, 87. 
bipolar nerve-, 220. 
bK)od-. 81. 
border, l.'>3. 
central, !.">;*. 
chief, 1,*»3. 
Deiter's. 222. 

endothelial. See Endothelium, 
eosinophile. 31, 86. 
epithelial. See Epithelium, 
ganglion-. 219. 
giant. See Giant cells. 



Cells, goblet. See Goblet cells. 

lymphoid. See Lymphoid eelU. 
mucous. See Goblet-cells, 
multipolar nerve-, 220. 
nerve-, 219. 
neutrophile, 31, 86. 
neuroglia, 222. 
of Purkinje, 242. 

outlining of by silver nitrate, 33, 60. 
parietal, 153. 
pigment-, 93. 
prickle, 92. 
spider, 222. 
typical, 49. 
unipolar nerve-, 220. 
wandering, 83, 104. 
Cement-substance, 62, 104, 108. 
of tooth, 137. 
zinc, 36. 
Central canal of spinal cord, 227. 
nervous system, 226-243. 
Centrosome, .53. 
Cerebellar tracts, direct, 228. 
(Cerebellum, 240. 

cells of Purkinje, 242. 
granular layer, 243. 
molecular layer, 241. 
(Vrebral cortex, layers of, 238. 
Cerebrum, 2:M». 

association fibers, 239. 
bloo<l-vesHels. 238. 
commissural fibers, 2.39. 
nerve-fibers of, 239. 
practical demonstration, 237. 
projection fibers, 239. 
tangential fibers, 238. 
pyramidal cells of, 238. 
Cervix uteri, 198. 
Chalice cells. See Goblet cells, 
(^hamois leather, 43. 
Channels, lymph-. See Lymphatics. 
bloo<l-. Seei^BIood- vessels. 
Chloroform, 25. 
Chromatin, 28, 51. 
Chromosomes, 52. 

Chromic acid, fixing and hardening, 24. 
Chromic -acetic solution of Flemming. 23. 
-osmie solution of Fiein* 
ming. 23. 
Chyle-receptacle, 106. 
(^iliary motion, 59. 
Ciliated cells from oyster, 59. 
Circulatory system, 102. 

system, l}rmphatic, 106. 
Circumferential lamelln, ?2. 
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Cirenmv^late papills, 149. 
Clark'a columns, 232. 
Classification of tissues, 53. 
Cleaning corer-glasses, 41. 

lenses, 44. 
Clearing agents, 35, 38. 
Clove-oil, 35. 
Coarse adjustment, 1. 
Cohnheim's fields, 79. 
Ceiled tubular glands, 140. 
Collaterals of axis cylinders, 222. 
Collecting tubule, 182. 
Collodion, 26. 
Colloid substance, 148. 
Colorless blood-corpuscles, 83, 104. 
Conors, aniline, 31. 
Colostrum-corpuscles, 208. 
Columns of the spinal cord. See Spinal 

cord. 
Columnar epithelium, 57. 
Columns, cortical, of Bertini, 179. 
Commissural fibers, 239. 
Commissure, anterior gray, 227. 
posterior gray, 227. 
white, 228. 
Compact bone, 72. 
Compound acinous glands, 143. 

racemose glands, 143. 
Condenser, Abb^, 1, 4. 
Coni vasculosi, 210. 
Connective tissue, 62. 

tissue, embryonic, 76. 
tissue, juice-canal» of, 106. 
tissue, mucoid, 76. 
tissue, special, 76. 
Conservation of eyesight, 7. 
Constrictions of Ranvier, 216. 
Convoluted tubule, 181, 182. 
Copper sulphate, 24. 
Cord, spinal. See Spinal cord. 

umbilical, 76. 
Cords of lymphoid tissue, 113. 
Corium of skin, 92. 
Corn starch, 48. 
Cornea, nerves of, 223. 
ComuH of spinal cord, 227. 
Corpora amylacea of brain, 239. 
Corpus oallosum, 2,39. 
Highmori, 210. 
luteum, 203. 
Corpuscles, blood-, 81. 
bone-, 70. 
cartilage-, 67. 
colostrum-, 208. 
connective tissue, 63. 



Corpuscles, Hassall's, 122. 

lymph-. See lymphoid cells. 

of Vater, 223. 

pus-, 84. 

Pacinian, 223. 

salivary, 47, 149. 

tactile, 94, 223. 
Cortex of cerebellum, 241. 
of cerebrum, 237. 
of ovary, 203. 
of kidney, 178. 
of lymph -node, 112. 
of thymus body, 121. 
Cortical columns of kidney, 179. 
Corundum hones, 16. 
Cotton fibers, 48. 
Cover-glasses, 41. 
Cover-glass, placing of, 42. 

preparations of blood, 84. 
Cox's €k>lgi method, 34. 
Crenation of blood-corpuscles, 82. 
Creosote, 35. 

Crossed pyramidal tracts. 228. 
Crusta petrosa, 135. 
Crypts of the tonsil, 149. 

of Lieberkilhn, 156. 
Crystals of Teichmann, 90. 
Cul-de-sac of vagina, 198. 
Currents, thermal, 46. 
Cuticle of hairs, 95. 
Cutis anserina, 96. 
Cuticula of tooth, 135. 
Cutting sections, 10. 
Cylinder, axis-, 217. 
Cyclostomi, blood of, 91. 

Dammar, 36. 
Decalcification, 24. 

of bone, 75. 
of teeth, 137. 
Dehydrating, 35, 38. 
Deiter's cells, 222. 
Delafield's haematoxylin, 28. 
Demilunes of Heidenhain, 148. 
Demonstrations, practical. See Practical 

demonstrations. 
Dendrites, 220. 
Dentinal canals, 135. 
fibers, 135. 
sheath, 135. 
Dentine, 135. 

Derivatives of blastodermic layers, 54. 
Derma, 92. 

basement membrane, of, 94. 
Development of blood-vessels, 105. 
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DevelopmeDt of blood-corpuscles, 91. 

of bone. 73. 
Diapedesia, 104. 

DiaphrAfcm, central tendon of, 108. 
Diaphrafnn of the microHcope* 1. 
l)in*rt cell division, 51. 
Din»<-t cere)>ellar tract, 228. 
Direct pyramidal tract, 228. 
Digf Htion, method of, 25. 
Disk, intervertebral. 68. 

of Bowman, 80. 
Dincus proligems, 205. 
DisMociating fluids, 10, 25. 
Distal convoluted tubule, 182. 
Distribution, cell, 50. 
DiviHion of cells, 51. 
Double staining, 38. 
Duct of glands, 140. 

hepatic, 163, 177. 

of thyroid body, 148. 

bile-, 176, 177. 

thoracic, 106. 107. 
Ductless glands. 117, 213. 
Dura mater. 235. 
Dust on lenses, 43. 
Duodenum, 162. 

Ear, cartilage of, 68. 
Ectoderm, derivatives of. 54. 
Egg-tubes, 206. [.'{2. 

Ehrlich-Kiondi-Heidenhain tricolor Mtain. 
Elastic cartilage. 68. 
tlh««r}*, 65. 

lamina of blood-vcsHclH. 102, 103. 
tisHU<*, 6^). 
Elder-pith. 13. 
Eleidin. 02. 

Enibo<lding. See Iml>edding. 
Embrj'ouic tisHue, 76. 
Enamel (»f teeth, 137. 

priMniH, 137. 
En<l<>caniiuin, 102. 
Endochondral formation of iMine, T.i. 
Endomysiuni, 7M. 
Endoneurium, 218. 
Endothelial cclN. See Endothelium. 
Endothelium, 60, 103, 108. 

of ItliMMl-vesseN. 103. 

staining of, 61. 

stomata of, 62. 
End-plates, 225. 
Ent<Mlemi, derivatives of. 54. 
Eosin. 28, 31. 

and hiematoxyliii, IW. 
Kosinophile granules, 31, 86. 



Epiblast, derivatives of, 54. 

Epidermis, 92. 

Epididymis, 209. 

Epiglottis, 68, 123. 

Epineurium, 218. 

Epithelial cells. See Epithelinm. 

Epithelium, definition of, 54. 

buccal, 56. 

ciliated, 58. 

classification of, 55. 

columnar, 57. 

distribution of, 55. 

germinal, 203. 

glandular, 59. 

of bladder, 195. 

of ovary, 203, 206. 

of kidney, 182, 192. 

pavement, 56. 

prickle cells, 92. 

simple squamous, 56. 

stratified, 55. 

striated, 148, 192. 

squamous, .55. 

tessellated, 54!. 

transitional, .55, 193. 195. 

uterine, 199. 

vaginal, 200. 

varieties of, 55. 
Equator of the cell, 52. 
Erectile tissue. 212. 
Erlicki's fluid, 24. 
ErythrohlaMtH, yi. 
Ether freezing, 20. 
Eustachian tu)K>, cartilage of, 68. 
Extraneous substances. 47. 
Eye-lens, 3. 
-piece, 3. 

Fallopian tulM*, 2t)2. 

Fat, action of osmic acid on, 2^J. 

-cells, 6.'i. 

-columns, 94. 

-crj'stals, 66. 

-globules in milk, 45. 

in the liver, 174. 

staining of, 23. 

-tissue, 65. 
Feathers, 48. 

Female generative organs, 197. 
Fenestrated membrane, Im, 103. 
Ferrein, pyramids of, 179. 
Fibers, associati<in, 239. 
commissural, 239. 
cotton. 47. 
dentinal, 135. 
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Fibers, linen, 47. 

nerve-, 216. 

perforating of Sharpey, 71. 
projection, 239. 
silk, 47. 
tangential, 238. 
wool, 47. 
Fibrin, 90. 
Fibro-cartilage, 68. 
Fibrous tissue, elastic, 63. 

white, 62. 
Field lens, 3. 

of view, 5. 
Filiform papill», 149. 
Fine adjustment, 1, 6. 
Fishes, blood of, 82, 91. [227. 

Fissure, anterior median, of spinal cord, 
posterior median, of spinal cord, 
Fixation of tissues, 20. [227. 

Fixing blood -elements, 84. 

fluids, etc., 20. 
Flemming's solutions, 23, 24. 
Fluid, artificial gastric, 25. 
dissociating, 10, 25. 
Erlicki's, 24. 
Flemming*s, 23. 
MUller's, 22. 
Orth's, 22. 
Stirling's, 25. 
Toison's, 87. 
Focal adjustment, 5. 
Focusing, 5, 45. 
Foetal blood, 91. 

blood-vessels, 105. 
bone, 73. 
lung, 134. 
Follicle of hair, 95. 
Follicles, Graafian, 203. 

of LieberkUhn, 156. 
of lymphoid tissue, 113. 
solitary, 160. 
Foramen csecum, 148. 
Formaldehyde, 22. 
Form of objects, 45. 
Free nerve -endings, 223. 
Freezing microtome, 19. 
Fresh tissue, 20. 
Frog, blood of, 90. 

capillaries of, 105. 
mesentery of, 60. 
skin of, 56. 
Fuchsin, 31. 

acid, 31, 32. 
Fungiform papillsB, 149. 
Funiculus cuneatus of spinal cord, 228. 



Funiculus gracilis of spinal cord, 228. 
Funiculi of nerve-trunks, 217 

Gall:bladder, 177. 

-duct, 177. 
Ganglia of heart, 102. 

of urinary bladder, 195. 
Ganglion-cells. See Nerve-cells. 
Gastric fluid, artificial, 25. 

glands, 152. 

tubules, 152. 
Generative organs, female, 197. 

male, 209. 
Gentian violet, 31. 
Germinal epithelium, 203. 
spot, 205. 
vesicle, 205. 
Giant cells, 73, 120. 
Glands, 140. 

acinous, 143. 

agminate, 160. 

branched tubular, 143. 

Brunner's, 157. 

buccal, 143. 

capsule of, 140. 

cardiac, 152. 

coiled tubular, 140. 

compound racemose, 143. 

compound tubular, 143. 

ductless. See Ductless irlands. 

gastric, 152. 

intestinal, 156. 157. 

LieberkUhn, 156. 

lenticular, 156. 

Littr^, 196. 

lymphatic. See Lymphatic nodes. 

mammary, 208. 

mucous. See Mucous glands. 

mucous, of bronchi, 127. 

Naboth's, 199. 

pancreas, 145. 

parenchyma of, 140. 

parotid, 143. 

peptic, 152. 

Peyer's, 160. 

pyloric, 152. 

racemose, 143. 

salivary, 143, 148. 

sebaceous, 98. 

simple tubular, 140. 

sublingual, 148. 

solitary, 160. 

submaxillary, 144. 

sudoriferous, 97. 

sweat-, 97. 
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Glandfl, tubular, 140. 143. 

thyroid, 148. 
Qlandular epithelial cells, 59. 
OlaKsy membrane of hair, 95. 
OliRRon's capnule, 163. 
Globu!! mi^or, 209. 

minor, 209. 
GlobuleR, oil-, 46. 
(Uomerulufi of kidney, 184. 
Qlrcerine in mounting, 36, 76. 
Glycogen in the liver, 174. 
Goblet cells, 58, 126, 127, 157. 
Gold-staining, 33. 
Golgi*s metho<l, 33. 
GoU, column of, 228. 
Gowers, column of, 228. 
Goose-flesh, 96. 
Graafian follicles, 203. 
Gray commissure, 227. 
Gray matter of brain, 236. 

spinal cord, 226. 
Grenacher*s borax-carmine, 29. 
Grilbler's dyes, 31. 
Gum dammar, 36. 
Gun-cotton, 26. 

Hematoxylin, 28. 

and eosin, 38. 
Delaftolds, 28. 
Htainini; process, 36. 
Weigt'rt's, :U). 
Hemin, 90. 
Hemoglobin, 89. 
Hemocytometer, 87. 
Hematoidin. 89. 
Hemosiderin. 89. 
Hair, g.'). 99, 101. 

-follicles, structure of. 95. 
permanent mounting of. (*9. 
Hardening. 20. 
HaHMHlTs corpuscles, 122. 
Haversian canals, 71. 
lamelle. 72. 
system, 71. 
Heart. 80. 102. 

blcMMl-vesselN of, 102. 
endo<*ardium, M2. 
niUHcuIar tissue of. 80. 
nervi's of, 102. 
pericardium. 102. 
valves of, HK2. 
Heidenhain's demilunes, 148. 
Henl«'. l<K>p of, 181. 
Hepatic duct. 16:J. 177. 
veins. 163. 



Highmori, corpus, 210. 
Histology, definition of. 53. 
Hilum of kidney, 178. 

of lymph-node, 113. 

of spleen, 117. 
Hones, 16. 

Horns of spinal conl, 227. 
Homy layer of skin. 92. 
Hyaline cartilage, 67. 
Hypoblast, derivatives of, 54. 

Ileum, section of, 161. 

Illumination, 4. 

Imbedding with ailantus pith, 13. 

with celloidin, 26. 

with paraffin, 13, 25. 
Immersion lenses, 4. 
Indirect cell division, 51. 
Infianiniation, 84, 104. 
Infundibula of kidney, 178. 

of lung, 129. 
Injection. metho<is of, 34. 
IiiMectM. 48. 

Intercellular substance. 50. 
Interglobular spaces, 1.37. 
Interlobular veins of liver, 167. 

vessels of kidney, 184. 
Intervertebral disks, <>8. 
InterstitiHl lamelle, 72. 
Intestines. I.'tl, l.'>6. 

Hrunner's glands of, 157. 

LiebcrkUhn's follicles of, 156. 

mucosa of large, 162. 

muc<»Nu of Hniall. X'l/fy, 

Peyer*^ patches. 160. 

practical (lemonstrations, 160- 

solitary glands of, 160. [162. 

valvule conniventes, 151, 162. 

villi (.f, ir»6. 
Intima of blmMl-vessels, 103. 
Intramembraiious ossification, 73. 
Intralobular vein. 16:t. 
Involuntary muscle, 76. Sec Muscle, 

non -striated. 
liMline solution, 29. 
Iris diaphrHK"!. 1. 
Irregular tubule, 182. 

.Japanese paper. 43. 
Juice, gantric, 1.'>2. 
Jelly of Wharton, 76. 
Juice-canals, 106. 

Karyokinesis, 23, 51. 
KenUln, 92. 
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Kidney, 178. 

blood-vessels of, 183. 

boundary region of, 187. 

Bowman, capsule of, 180. 

calyces of, 178. 

capsule of, 178. 

collecting tubes of, 182. 

columns of Bertini, 179. 

connective tissue of, 189. 

cortex of, 179. 

labyrinth of, 179. 

diagram of, 179. 

epithelium, 182, 192. 

Ferrein's pyramids, 179. 

glomerulus of, 184. 

Henle's loop, 181. 

hilum of, 178. 

infundibula of, 178. 

labyrinths of, 179. 

lobules of, 178. 

Malpighian bodies of, 180. 

Malpighian pyramids, 178. 

medulla, 179. 

medullary rays of, 179. 

nerves of, 185. 

papilliB of, 178. 

pelvis of, 193. 

practical demonstration of, 186. 

tubes of Bellini, 182. 

tubules, diagram of, 181, 193. 

tubules of, 180. 
Knives, sharpening, 16. 
Krause's membrane, 79. 

Labeling of slides, 42. 
Labyrinth of kidney, 179. 
Lacteals, 159. 
LacunsB of cartilage, 67. 

of bone, 70. 
Lamellfe of bone, 72. 
Lamina, internal elastic, 103. 
Lamprey, blood of, 91. 
Large intestine, 162. 
Langerhans, bodies of, 148. 
Lamyx, 123. 

cartilages of, 68, 123. 
Lateral columns, 228. 
Layers of cerebrum, 238. 
of epidermis, 92. 
Lens, immersion, 4. 

microscope, 2, 3, 4. 
Lenticular glands, 156. 
Leucocytes, 83, 104. 
Lieberklihn, crypts of, 156. 
Lifting sections, 41. 



Ligamenta subflava, 65. 
Ligamentum nuchn, 65. 
Light transmitted, 9. 
Limiting membrane, 49. 
Linen fibers, 47. 
Lines of Retzius, 137. 
Littr^, glands of, 196. 
Liver, 163. 

cells of, 174. 
fat in, 174. 

Glisson's capsule, 163. 
glycogen in, 174. 
human, 171. 
of pig, 167. 
of rabbit, 174. 

practical demonstrations, 167, 170, 
scheme of structure, 164. [177. 

Lobes of glands, 140. 
Lobules of glands, 140. 
Logwood, 27. 
Loop of Henle, 181. 
Lung, 123. 

air-sacs, 128. 
blood-vessels of, 128. 
connective tissue of, 128. 
foetal, 134. 
infundibula of, 129. 
interlobular septa, 128. 
pigment within, 128. 
practical demonstration, 131. 
terminal bronchiole, 123, 132. 
vascular supply of, 128. 
Luschka\s tonsil, 149. 
Lymph, 106. 

-corpuscles, 85, 106. 
-node, diagram of, 112. 
•node, practical demonstration of, 
-nodes. 111. [113. 

-spaces, 106, 107. 

-spaces of nerves, 219. [219. 

-spaces around ganglion-cells. 
Lymphatic capillaries, 106, 110. 
vessels, 107. 

glands. See Lymph-nodes, 
system, 106. 

tissue. See Lymphoid tissue. 
Lymphatics, 106, 107. 

practical demonstration, 108. 
perivascular, 107. 
valves of. 107, 109. 
Lymphoid cells, 85, 113. 
tissue, 76, 111. 
tissue, diffuse, 113. 
tissue distribution, 113, 118, 
121, 123, 149, 156, 159, 195. 
Lymphocytes, 86. 
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Ma^iflcation of movements, 46. 
MaKnifyiug power of objeetives, 7. 
Male generative organs, 209. 
Malpighian stratum of epidermis, 92. 
Malpighian bodies of kidney. 180. 
boilies of spleen, 118. 
Malpighi, pyramids of, 179. 
Mammary glands, 208. 
Marrow, bone-, 73. 
Measurement of objects, 8. 
Media of arteries, 103. 
Mediastinum testis, 209. 
Medulla of bone, 73. 

of kidney, 179. 
of lymph-node, 112. 
of hair, 95. 
of thymus body, 121. 
Medullary cavity of bone, 74. 

rays of kidney, 179. 
Medullated nerves, 216. 
BfeiMsner*s plexus, 154, 1(K). 
Membrana granulosa, 205. [branes. 

propria. See Basement mem- 
Membrane, basement. See Basement 

membranes. 

glassy, 95. 

limiting, 49. 
of N as myth. 1.35. 
of Krause, 79. 
Membranes of brain, 2:{5. 
Menstruation, uterus in, 197. 
Mercuric chlorid meth<Ml for nervous sys- 
tem, 34. 
Mesenteric lymph-node, 113. 
Mesentery, silvered, 61. 
Mesoderm or Mesoblast. derivatives of, 54. 
Methylene blue. 31, 84. 
Methyl green, 'J2. 
Methyl violet. 87. 
Metric scale, 8. 
Micro-millimeters, 8. 
Micron, M, 8. 
MioromoterM. 8. 
Microscope, 1. 

adjustment of, 5. 

care of, 43. 

illumination, 4. 

magnifying power of, 7. 

parts of, 1. 

sketching from, 9. 

Microtome, freezing, 19. 
Minot, 15. 
Schanze, 15. 
Stirling. 12. 
Tboma, 14. 



Milk, 45, 208. 

colostrum-corpuscles, 208. 
fat-globules in, 45. 
secretion of, 208. 
Mixed salivary glands, 148. 
Mirror, 1, 4. 
Mitosis, 51. 

Molecular movement, 46. 
Mounting fluids and methods, 35. 

of objects, 41. 
Mounts, rings on, 36, 76. 
Mouth, 149. 

Movement, Brownian, 46. 
amu'boid, 83. 
vital, 47. 
Movements, magnification of, 46. 
Mncuid tissue, 76. 
Mucosa of bronchial tubes, 123. 

of stomach and intestine, 151. 
of mouth and pharynx, 149. 
of (psophagiis, 1.50. 
ureter and bladder, 193. 
uterus, 199. 
vagina, 199. 
Mucous glands, 127, 144, 148, 149. 

cells. See Goblet cells. 
MUller's fiuid, 22. 
Multipolar nerve-cells, 220. 
Muscular tissue, 76. 
Muscle, blood-vessels of, 80. 
canliac, 80. 
involuntary, 76. See Non-striated 

muscle, 
neri'es of, 225. 
non -striated, 76. 

non-striated, distribution of ,76,96, 
102, 107, 112, 118, 12,3, 150, 151, 
193, 194, 196, 197, 202. 
of hair-folliclo, 96. 
smooth, 76. See Non-striated, 
striated, 78. 
voluntar}', 78. 
of oesophagus, 150. 
Myocardium, 80. 

Naboth, ovules of, 199. 

Nails, 98. 

Nasal mucous membrane, epithelium, 55. 

Nasmyth's membrane, llio. 

Needles, .'{6. 

Ner\'e-cells, 219. 

-cells of suprarenal Inxly, 213. 

•cells, processes of, 220. 

-cells pyramidal, 238. 

-cells, types, 220 
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Nerve-endings, 223. [225. 

-endings in non-striated muscle, 
-endings in striated muscle, 225. 
-endings in skin, 94, 223, 224. 
-fibers, 216. 

-fibers, axis-cylinder of, 216. 
•fibers in osmic acid, 2^^. 
-fibers medullated, 216. 
-fibers non-medullated, 217. 
Nerve, acoustic, 216. 

connective tissue of, 218. 
funiculi, 217. 
olfactory, 217. 
optic, 216. 
plexuses, 225. 

practical demonstration, 219. 
spinal, 228. 
-staining. Cox, 34. 
-staining, Golgi, 33. 
-staining, nigrosin, 32. 
-staining. Van Gieson, 32. 
-staining, Weigert's, 30. 
-trunks, 217. 
Nervi nervorum, 219. 
Nervous system, 216. [22, 23. 

Nervous tissues, fixation or hardening, 
tissues, development of, 54, 223. 
tissues, supporting framework 
of, 222. 
Neurilemma, 217, 218. 
Neuroglia, 222. 

-cells, 223. 
Neurone, 221, 222. 
Neutropbile granules, 31, 86. 
Newt's tail for karyokinesis, 53. 
Nigrosin, 32. 

Nitrate of silver, 33, 61, 108. 
Nitric acid, 24, 75. 
Nodes, lymph-. See Lymphatic nodes. 

of Ranvier, 216. 
Non-medullated nerves, 217. 
Non-striated muscle, 76. See Muscle, 

non-striated. 
Normal salt solution, 36. 
Nose, epithelium of, 55. 
Nuclei of cells, 49. 
Nucleoli of cells, 50. 
Nuclear stains, 27. 

spindle, 52. 
Nucleus, fibrils of, 49. 

structure of, 49. 

Objectives, 2, 4. 
Ocular. See Eye-piece. 
Odontoblasts, 135. 



CEsophagns, 150. 
Oil-immersion objective, 4. 
-globules, 46. 
of cedar wood, 4. 
Oils, essential, 35. 
Olfactory nerve, 217. 
Optical axis, 5. 
Optic nerve, 216. 
Organisms in urine, 47. 
Origanum oil, 35. 
Orth's fluid, 22. 
Osmic acid, 23. 

Osmico-bichromate mixture, 23. 
Ossification, 73. 
Osteoblasts, 73. 
Osteoclasts, 73. 
Os uteri, 198. 
Ovarial tubes, 206. 
Ovary, 203. 

corpus luteum of, 203. 

germinal epithelium, 203. 

Graafian follicles of, 203. [206. 

practical demonstrations of, 203, 

tunica albuginea, 203. 
Oviduct, 202. 
Ovula Nabothi, 199. 
Ovum, 205. 

formation of, 206. 
Oyster, cilated cells from, 59. 

Pacchionian bodies, 235. 
Pacinian corpuscles. 223. 
Pal-Weigert method, 30. 
Pancreas, 145. 

practical demonstration of, 146. 
Paper, Japanese, 41. 
Papillfe, circumvallate, 149. 

filiform. 149. 

foliat®, 149. 

fungiform, 149. 

of skin, 93. 

of tongue, 149. 
Papillary eminences of kidney, 178. 
Paraffin, cementing or soldering, 18. 

imbedding, 13, 25. 
Parenchyma of glands, 140. 
Parotid gland, 143, 148. [146. 

gland, practical demonstration of, 
Patch, Peyer's, 160. 
Pavement epithelium, 56. 
Pelvis of kidney, 193. 
Penis, 212. 
Peptic glands, 152. 
Perforating fibers of Sharpey, 71. 
Pericardium, 60, 102, 107. 
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Peiiehondiium, G7. 
Pericementum, 137. 
Perimysium, 78. 
Perineurium, 218. 
Periosteal boms 74. 
Periosteum, 73. 
Peripheral nerve-tennini. 22:J. 
Peritoneum, CO, 107, ir»l. 
Perivascular lymphatics, 107. [107, 2:<8. 
lymph-spaces of ct»rfl>rum, 
Peyer's patches, 160. 
Pharynx, 149. 

mucous nienihrane of, 149. 
I*ia mater, 235. 
Picric acid. 2:i, 29. 31, 'XI. 

alcohol. 23. 
Picro-carmino, 29. 
Pifrment-cells of hair, 95. 
-cells of skin, 93. 
-cells in suprarenal body, 215. 
Pineal bo<ly, embryonic derivation. TA. 
IMpetten for h»mocytometer, 86. 
Pituitary body, embryonic derivation, 54. 
Plates, blood-. 82. 

cartilafco- in bronchi, 124. 
Pleura. 60, 107, 128. 
Plexuses, sympathetic, 225. 

of Auerbach, 154, 160. 
of Meissnor. l.'>4, 160. 
Penciling of serouH surfaces. 108. 
Pole of the cell, .'»2. 
Pollen. 48. 
Polynuclear or polynior])ho!iuclf«r l«*u- 

cocytes, 86. 
Portal canal, 165. 
vein, 163. 
Posterior commissure of .spinal cord, 227^ 
columns, 227. 

me<linn flssure, spinal ronl, 227. 
Potassium bichnmiate. 22. 
Potato starch, 48. 
Power, mafrnifyinK, 7. 
Practical dtMimnstrations of— 
blood, 82-91. 
bl<M»d-ve»st'N, 10.'. 
lM)nc, 75. 

bronchial tuln'. 12.'. 
cartilni:*', Tih. 
rondH'llimi. 2lo. 
rercbnuii, 2;{7. 
dc'V<»]opnu*nt <»f ovum. 2<s;. 
<'liiMtic ti?'sue. Cut, 
cndothcliuni. 60. 
«'pith<'lium, S-'MMK 
Fallopian tul>e. 202. 



Practical demoustratlons of — 

hair, 99. 

intestine, 160-162. 

kar>*okinensis. 53. 

kidney, 186. 

liver, 167, 170, 177. 

lung:, 1.31. 

h'mphatics of central tendon 
of diaphrafnu, 108. 

mesenteric lymph-no<le, 113. 

mouth, oesophaf^s, pharynx, 
etc., 150. 

muscle, 77-80. 

ner\'es, 219. 

ovary, 203, 206. 

pancreas, 146. 

parotid fcland. 146. 

skin, 98. 

spinal cord. 229. 

spleen, 118. 

stomach, 1.55. 

submaxillary fcland, 146. 

suprarenal bo<ly, 213. 

teeth, 137. 

testicle, 211. 212. 

thymus IkmIv, 121. 

tongue and taste-buds, 150. 

ureter, 193. 

urinary bladder, 195. 

uterus, 197. 

vagina. 197. 

white fibrous tissue. 6.'*. 
Prejmancy, uterus in. 197. 
Preservation of tissues, 20. 
Prickle cells of skin. J>2. 
Prisnmtic color in nir-bubbles, 46. 
I^risms, enamel, 1!{7. 
I»rojection libers, 2;{9. 
ProMiite Kltt"d. 212. 
Pn)static c«»ncretioiis. 212. 
Protofdasni, 49. 

n'ticulaticm of, 50. [220 

I*rotoplasniic processes of f^antrlifUi-ccIN, 
Prc»xinial convoiute<l tubule, iMl. 
Pseudo|M)dia, Kt. 
Piilnionarv alveoli, 128. 

artery, 128. 
Pulp of teeth, i:i5. 

of spleen, 117. 
I^lrkinje. rells of. 242. 
IMis-rorpusoles, M. 
Pyloric iiclands, 152. 
Pyramidal tracts, 228. 
Pyramid of Fern'in. 179. 
of MalpiKhi, 179. 
Pyroxylin, 26. 



256 



INDEX 



Quick hardening with alcohol, 21. 

hardening with formaldehyde, 22. 

Racemose glands, 143. 

Ranvier's nodes, 216. 

Rapid hardening with alcohol, 21. 

with formaldehyde, 22. 
Rays, medullary, of kidney, 179. 
Razor, form of, 10. 

stropping, 17. 
Receptaculum chyli, 106. 
Red blood -corpuscles, 81. See Blood. 

marrow, 73. 
Reproductive organs, 197, 209. 
Reptiles, blood of, 82. 
Respiratory organs, 123. 
Rete Malphighii of skin, 92. 

mucosum of skin, 92. 

testis, 210. 
Reticular cartilage, 68. 

connective tissue, 76, 113. [113. 
Reticulum of adenoid or lymphoid tissue, 
Retiforra tissue. See Reticular connect- 
ive tissue. 
Retzius, lines of, 137. 
Ribbon sections. See Serial sections. 
Ringing mounts, 3G, 43, 76. 
Root-sheath of hair, 95, 99. 
RugsB, 151. 

Sacs, air-, 128. 

Safranin, 23, 31. 

Salamander tail for kar^^okinesls, 53. 

Salivary gland, abdominal, 145. 

corpuscles, 47, 149. 

glands, 143, 148. 
Salt solution, normal, 36. 
Santorini, cartilage of, 123. 
Sarcolemma, 78. 
Sarcoplasm, 79. 
Schanze microtome, 15. 
Schwann, white substance of, 216. 
Sebaceous glands, 98. 
Sebum, 98. 
Section cutting, 10. 

free-hand, 10. 

with microtomes, 12. 

in series, 15. 

-lifter, 41. 
Sections, frozen, 19. 

serial, 15, 26. 
to place on slide, 41. 
Seminiferous tubules, 211. 
Sensory nerve-terminations, 223. 
Serial sections, 15, 26. 



Serous glands, 145, 148. 

membranes, 60, 107. 
membranes, lymphatics of, 108. 
Sharpening knives, 16. 
Sharpey's fibers, 71. 
Sheath, dentinal, 1.35. 

of Schwann, 216. 
SUk fibers, 47. 

Silver, mesentery stained with, 61. 
nitrate, 33. 

staining, 33, 61, 108, 134. 
staining solution, 33. 
Skeletal muscle, 78. 
Sketching from microscope, 9. 
Skin, arrector pill, 96. 
blood-vessels of, 94. 
corium, 92. 
chamois, 43. 
eleidin granules, 92. 
epidermis, 92. 
hair-follicles, 95. 
injected, 94. 
keratin of, 92. 
negro, 93. 
nerves of, 94. 
papillfB of, 93. 
pigment of, 93. 
practical demonstration, 98. 
sebaceous glands, 98. 
stratum comeum, 92. 
stratum granulosum, 92. 
stratum lucidum, 92. 
stratum Malpighii, 92. 
sudoriferous glands, 97. 
sweat-glands, 97. 
tactile corpuscles of, 94, 223. 
Slides, 41. 

Small intestine, 156. 

Smooth muscle. See MuscIe,non -striated. 
Sole-plate, 225. 
Solitary glands, 160. 
Solution, Erlicki's, 24. 

Ehrlich-Biondi-Heidenhain, 32. 
Flemming*s, 23. 
MiUlers, 22. 
normal salt, 36. 
Orth*8, 22. 
Stirling's, 25. 
Toison's, 87. 
Space, subarachnoid, 235. 

subdural, 235. 
Spaces, interglobular, 137. 
l>'mph-, 106. 
venous, 117. 
Special connective tissues, 76. 
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Specimens, permanent, 35. 
Spermatog^enic celU, 212. 
Spermatozoa, 211. 
Sphincter of renal papillap, 193. 

of urinary bladder, 195. 
Spider celU, 223. 
Spinal cord, 226. 

anterior column, 227. 

anterior grray comniissure, 227. 

anterior median fiKHure, 227. 

aHcending antero-Iatcral tract, 

Burdach'8 column, 228. [228. 

central canal of, 227, 232. 

Clarke's column, 2^{2. 

collateral fibers, 234. 

columns of, 227, 228. 

commissures of, 227, 228. 

croHMcd pyramidal tract, 228. 
, descending? antero - lateral 

tract, 228. 

direct cerebellar tract, 228. 

direct pyramidal tract, 228. 

funiculus cuneatus, 228. 

funiculus gracilis, 228. 

gang! ion -eel Is, 21V2. 

Ooll's column, 228. 

Gower's column, 22K. 

gray commlHsures, 227. 

gray matter, 220. 

lateral columns, 227. 

nerve-fibers of, 231. 

nerve-roots of, 228. 

posterior column, 227. 

posterior median fissure, 227. 

practical demonstration, 229. 

staining of, 30, .32, Xl, 229. 

substantia gelatinosa Rot- 
audi, 2:{2. 

substantia gclatinosu cen- 
tralis, 232. 

TUrck's column, 228. 

white conimisHun*, 228. 

white matter of. 220. 
Spiral tubule, 181. 
Spleen, 117. 

Malpighian bodies, 118. 
practical demonstration. 118. 
Spongy bone, 72. 
Spot, germinal, 20.'). 
Squamous epithelium, u.'). 
Staining agents, 27. 

aniline dyes, 31 . 
borax-cannin<*. 29. .'R). 
carmine, 29, .39. 
Cox-Golgi, 34. 

Q 



Staining, double, 38. 

Ehrlich-Biondi-HeideDhain,32.85 

eosin, 28, 38. 

fresh tissue, 20. 

fuchsin, 31. 

general or ground, 27. 

gentian violet, 31. 

Golgi, 33. 

hflpmatoxylin, 28, 36. 

hematoxylin and eosin, 38. 

in bulk, 29. 

methylene blue, 31, 84. 

nuclear, 27. 

nigrosin, .'{2. 

osmic acid in ner\'e tissue, 23. 

Pal, .30. 

picro-carmine, 29. 

selective, 27. 

silver, 33, 61, 108, 134. 

safranin, 23, 31. 

triacid, tricolor, triple, 32, 85. 

Van Gieson, 32. 

Weigert's nerve-, 30. 
Starch, 48. 
Stirling microtome, 12. 

dissociating fluid, 25. 
Stomach, 151. 

practical demonstration, l.'»5. 

lymphatics of, 156. 

mucous membrane of, 152. 
nerves of, 154. 

peptic glands. l.'>3. 
pyloric glands, 1.^. 
Stomata, 62, 109. 
Stratified epithelium, .'>5. 
Stratum comeum of skin, 92. 

granulosuni, 92. 

hicidum, 92. 

Malpighii, 92. 
Striate<l or striped muscle, 78. See Mus- 
cle, striated. 

cardiac muscle, 80. 
Stripes of Baillarger, 2.37. 
Stropping knives, 17. 
Subarachnoidal space, 235. 
Sulnlural space, 235. 
Sublingual gland, 148. 
Sublobular vein, 163. 
Submaxillar}' glands, 144, 148. 

glands, priMtical demonstra- 
tion, 146. 
Substance, cement-. See Cement-sub- 
stance, 
white, of Schwann, 216. 
Substances, extraneous, 47. 
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Sabstantia, gelatinosa, 232. 
Saceoa entericus, 156. 
Sadoriferous glands, 97. 
Salphate of copper, 24. 
Supernumerary spleens, 118. 
Suprarenal body, 213. 

capsule, 213. 
Sustentacnlar cells of testicle, 212. 
Sweat-glands, 97. 
Sympathetic system, 217. 
System, cerebro-spinal, 226-243. 

circulatory, 102. 

digestive, 135-177. 

Haversian, 71. 

lymphatic, 106. 

nervous, 216. 

respirator)', 123. 

reproductive, 197, 209. 

sympathetic nervous, 217. 

Tactile corpuscles, 94, 223. 
Tangential fibers, 238. 
Taste-buds, 149. 
Teasing, 9. 
Technology, 1. 
Teeth, 135. 

cementum, 137. 
crusta petrosa, 135. 
decalcification of, 137. 
dentinal fibers, 135. 
dentinal tubules, 135. 
dentine, 135. 
enamel, 137. 

interglobular spaces. 137. 
membrane of Xasmyth, 135. 
odontoblasts, 135. 
pericementum, 137. 
practical demonstration of, 137. 
pulp, 135. 

stripes of Retzius, 137. 
Teichmann's crystals, 90. 
Tendon, 62. 

Ttis.selated epithelium, 56. 
Testicle, 209. 

coni vasculosi, 210. 
mediastinum of, 209. 
seminiferous tubules of, 210, 211. 
spermatozoa, 211. 
spermatogenesis, 212. 
tunica ^Ibuginea, 209. 
tunica vaginalis, 209. 
vasa efferentia, 210. 
Thermal currents, 46. 
Thoracic cavity, 60, 107, 128. 
duct, 106, 107. 



Thymus body, 121. 
Th]rme oil, 35. 
Thoma microtome, 14. 
Thyro-glossal duct, 148. 
Thyroid body, 148. 

body, colloid secretion of, 148. 
Tissue, adenoid. See Lymphoid tissue. 

adipose, 65. 

areolar, 62. 

eonnective, 62. 

definition of, 53. 

elastic, 63. 

embryonic, 76. 

erectile, 212. 

fat-, 65. 

fibrous, 62. 

fixation of, 20. 

fresh, 20. 

hardening of, 20. 

lymphoid. See Lymphoid tissue. 

mucoid, 76. 

muscular, 76. 

nerve., 216. 

white fibrous, 62. 

yellow elastic, 63. 
Tissues, classification of, 53. 

dehydration of, 35, 38. 

embryonic derivation of, 54. 

varieties of, 53. 
Toison's fluid, 87. 
Tongue, 149. 

muscle of, 79. 
Tonsil of Luschka, 149. 
Tonsils, 149. 
Tooth. See Teeth. 
Touch corpuscles, 94, 223. 
Trabeculae of lymph-nodes, 112. % 

splenic, 117. 
Trachea, 123. 

cartilages of, 68, 123. 
Tracts of the spinal cord, 228. 
Transitional epithelium, 55, 193, 195. 
Tricolor or triacid stain of Ehrlich, etc.. 
True skin, 92. [32, 85. 

Tube, bronchial, 123. • 

Tubular glands, 140. 
Tubule, distal convoluted, 182. 
Fallopian, 202. 
gastric, 152. 
Henle's loop, 181. 
proximal convoluted, 181 
spiral, 181. 

straight, of kidney, 182. 
straight, of testHfile, 210. 
Tubules, seminiferous, 211. 
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Tubules, iiriniferons, 180, 182. 
Tunica albufi^inea. 203, 209. 
TQrck, column of, 228. 
Turpentine carbol-, 33. 
Turn-table, :«;. 
Tunica vaicinaliM, 209. 
vaMculoAa, 210. 
Typical cell, 49. 

Unntriated or unstriped muscle, 7<>. 

Muscle, non-8triate(l. 
Umbilical cord, 70. 
Unipolar nerve-celU, 220. 
Ureter, 19.3. 
Urethra, 19<>. 

glandfi of, 196. 
Urinary bla<lder, 194. 

origans, 17»-19G. 
Urine, bacteria in, 47. 

course of, in kidney, 185. 
Uriniferous tubules of kidney, 180. 
Uterus, 197. 

Vaccina, 197. 
Valves of heart. 102. 

of lymphatics, 107. 109. 

of veins, 104. 
Van Gieson's stain, 32. 
Vasa vasorum, 105. 
Vascular svstem. 102. 10(i. 
Vas deferens, 209. 
Vasa efferentia, 210. 
Vegetable fibers, 47. 
spores, 48. 
Veins, 104. 

hepatic. lO:). 

interlobular, \i'<\. 

intralobular, lti.3. 

IM>rtal, 163. 

sublobular. 163. 

valves of, 104. 



Venn stellat» of kidney, 184. 
Venous spaces of spleen, 117. 
VenulflD recta} of kidney, 184. 
Venules, 102. 
Vermiform appendix, 162. 
Vesicle, germinal, 205. 
VeBicleu, air , 128. 
Villi of intestine, l.'ie. 
Vital movements, 47. 
See Voluntary muscle, 78. See Muscle, stri- 
ated. 

Wall of cell, 49. 

Wandering cells, 83, 104. 

Weigert-Pal methwl, 30. 

Welsbach gas-burner, 4. 

Wharton's jelly, 76. 

Wheat starch, 48. 

White blood-corpuscles, 83, 104. 

commissure of spinal cord, 228. 

fibrous tissue, 62. 

mutter of brain, 235. 

matter of spinal cord, 226. 

substance of Schwann, 216. 
W<K)d fllMfrs, 47. 
Wool fibers, 47. 
Wrlsberg, cartilage of, 123. 

Xylol. 35. 

balsam, 35. 

Yeast, 48. 

Yellow elastic tis<«ue, 63. 

Zinc cement, ,'J6. 
Zona fuseiculata, 213. 

^lomenilosu. 213. 

pelliicida. 203. 

reticularis, 21.3. 

vasculosa, 203. 
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